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ABSTRACT 
This study was concerned with the synthesis of various 
heterocyclic compounds containing phosphorus, nitrogen, and 
oxygen atoms. 
Deoxygenation of several aryl 2-nitrophenyl ethers by 
tervalent phosphorus reagents led to the isolation of a series of 
pentacoordinate aminooxyphosphoranes (I) which had many interesting 
spectral properties. These compounds were found to be very 
sensitive to moisture and stepwise hydrolysis via cyclic and acyclic 
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Products of the deoxygenation of aryl 2-nitrophenyl sulphides 
previously assigned as dialkyl N-alkyl-N-arylphosphoramidates (III) 
were reassigned as dialkyl N- 2-alkylthiophenyl-N-arylphosphor-








The mechanism of the deoxygenation of nitro-compounds by 
tervalent phosphorus reagents was discussed and explanations for the 
formation of the above compounds were proposed. 
PREAMBLE 
Some reductive cyclisation reactions of aryl 2-nitro-
phenyl ethers and aryl 2-nitrophenyl sulphides with tervalent 
phosphorus reagents were studied. 
A series of heterocyclic compounds containing a penta-
coordinate phosphorus atom was discovered and some of the 
spectral and structural properties as well as some of the 
reactions of these compounds were investigated. 
Note on Nomenclature 
Pentacoordinate phosphorus compounds are derived from 
their tricoordinate counterparts by the addition of two hydrogen 
atoms. Hence the parent pentacoordinate compound from the 2-









Replacement of the hydrogen atoms by alkoxy-groups gives 
a 2, 2, 2-trialkoxy-2, 2-dihydro-1, 3, 2-dioxaphospholene (3). 
The corresponding compound with an aryl-substituted 
nitrogen atom replacing one of the ring oxygen atoms is a 2, 2, 2-
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Tetracoorthnate cyclic phosphoramidates (5) derived from 
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INTRODUCTION 
THE DEOXYGENATION OF NITROSO- AND NITRO-
BENZENES BY TERVALENT PHOSPHORUS REAGENTS 
AND THE DECOMPOSITION OF THE CORRESPONDING 
AZIDES 
A Nitrene Intermediacy 
In 1963 Bunyan and Cadogan ' found that nitrosobenzene on 
treatment with triethyl phosphite gave azoxybenzene (21%, equations 
1 and 2). Similarly (-dimethylamino)nitrosobenzene gave the 
corresponding azoxy-compound (63%) and a phosphorimidate (13%, 
equation 3). A mechanism was proposed which involved the inter-
mediacy of a nitrene, an electron-deficient reactive intermediate 
(equations 1-3). 
ArNO + (EtO) 3P - (EtO) 3P0 + ArN 	Equation 1 
Ar +ArNO 	- 	ArNN(0)Ar 	 Equation 2 
Ar1 + (EtO) 3P - 	ArN=P (OE t) 3 	Equation 3 
An important development of this reaction involved the 
reductive cyclisation of 2- nitro sobiaryls 1 to carbazoles. Thus 2-
nitrosobiphenyl on treatment with triethyl phosphite in benzene 
gave carbazole (76%) and triethyl phosphate (84%, equation 4, Scheme 
1). In a similar reaction the electron-deficiency of the proposed 
nitrene intermediate was observed when 2-o -nitro sophenylpyridine 
gave an almost quantitative yield of pyridofi, 2-bjindazole (equation 
5, Scheme 1). Thus the n.itrene prefers to react with the electron-
rich ring-nitrogen atom and no cyclisation with carboline formation 
was seen. 
The thermal and photochemical decomposition of 2-azido-
biphenyl 2 gave carbazole (76% and 77% respectively) and further-
more pyrido[1, 2-bjindazole (57%) was prepared from the thermal 









evidence 4, ' that nitrenes are involved in these reactions. Thus 
the ultraviolet spectrum of 2-nitrenobiphenyl, 4 produced by photo-
lysis of the azide in an organic matrix at 77 °K, has been observed 
and proof that nitrenes are triplet species in the ground state was 
obtained when Smolinsky 5 and his co-workers reported the electron 
spin resonance spectrum of a triplet species on irradiation of a 
solid solution of phenyl azide at 77 °K. However application of the 
Wigner spin conservation rule  to azide decompositions allows only 
the initial formation of singlet nitrene which may react or be con-
verted via intersystem crossing to the triplet state. 
R-N 	 R-N'r  
S T 
These states will have different physical and chemical 
properties; the singlet state being an electrophile and the triplet 
state having both electrophilic and radical characteristics. 
After a detailed study of the photolytic decomposition of 2-
azidobiphenyl, Berry and Lehman 7 proposed a mechanism for the 
cyclisation of 2-nitrenobiphenyl to carbazole (Scheme 2). 
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nitrene (1) to the adjacent phenyl ring which contradicts the 
proposal made by Swenton 8  and his co-workers, following studies 
of the photochemical decomposition of 2-azidobiphenyl using various 
singlet and triplet sensitizers and quenchers, that carbazole was the 
product directly derived from singlet nitrene and that azo-compounds 
were formed from a triplet species, either the nitrene or azide. 
Berry and Lehman also discounted the possibility of abstraction of 
a proton from the ortho-position of the adjacent phenyl ring followed 
by recombination to form carbazole because of the small value 
(48. lkJ mol ' , 	11. 5kcal mol) for the activation energy of the 
reaction. However Hall 9 and his co-workers decomposed 2-(penta-
deuteriophenyl)phenyl azide and found that 33% of the carbazole 
formed had a protonated nitrogen atom and that 67% had a deuterated 
nitrogen atom indicating that the nitrene can abstract hydrogen from 
the solvent or deuterium from the ring prior to cyclisation. 
Kinetic studies of the thermal decomposition of aryl azides 
showed that the primary process is the loss of nitrogen with forma-
tion of a nitrene since the variation of the rate of the first-order 
5 
reaction with substitution in the aromatic ring 
10 
 and with solvent 
change, if the solvents used were inert, 	was small. 
Smith 
12 
 and his co-workers found evidence for nitrene 
intermediacy based on product studies. Thermal decomposition 
of 2-(2-azidophenyl)-naphthalene gave 1, 2-benzocarbazole (9 4 %) 
(Scheme 3) and none of the isomeric 2, 3-benzocarbazole indicating 
that the nitrene intermediate has a half-life appreciably longer 
than the time for iotation about the aryl-aryl bond. 
Scheme 3 
Thus carbazoles can be prepared from both azides and 
nitro so-compounds. The preparative importance of the nitroso 
reaction with triethyl phosphite is lessened because of the difficulties 
encountered in the preparation of the nitro so-compound from the 
corresponding nitro-compound. This difficulty was overcome by 
the observation 
13 
 that reaction of 2-nitrobiphenyl with a slight 
excess of over two equivalents of boiling triethyl phosphite gave 
carbazole in high yield (Scheme 4). 
i2Iei 
- 	MN  
A 
Scheme /4 
Reductive cyclisation of nitro-compounds can be carried 
out by other tervalent phosphorus reagents and Cadogan14' 15a, b 
studied their relative efficiencies by following the rate of disappear-
ance of 2-nitrobiphenyl on treatment with an excess of the reducing 
agent. The order obtained was (Me 2N) 3P > Ph 2P(OEt) 
(EtO) 2PMe 	(Et2 N) p >(EtQ)p (NEt 2 ) 2 > (EtQ)p NEt 2 > 
(MeO) 3P> (EtO) 3p (Pr 'O) 3P >> PCi 3  (inactive). The results 
suggest that the rate-determining step involves nucleophilic attack 
by phosphorus although the very rapid reaction of diethyl methyl-
phosphonite and ethyl diphenyiphosphinite cannot be explained on 
this basis alone. 
Evidence that the nitro-compound is reduced to the nitroso-
compound and then to carbazole is difficult to obtain because of the 
much higher reactivity of nitro so-compounds towards the phosphorus 
reagent. However evidence was found supporting the transient 
intermediacy oI a nitro so -compound from the phosphite reduction of 
3 -m ethyl- 7 -nitroanthranil (2). 16 The major product was 4-acetyl-
benzofurazan (3) (Scheme 5) which arises from the rapid reaction 
of the nitro so - compound with the neighbouring anthranil- nitrogen 
atom. 
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Scheme 5 
The most important part of the nitro-phosphite mech-
anismiSa is the possibility of either involvement of a nitrene or 
a dipolar intermediate (4) which could give a more direct route to 











The point of initial attack by phosphorus is also uncertain 
(Scheme 7). It can be argued 
 17 
 that initial attack on both the 
nitro- and nitro sc-compounds occurs at the more positively 
polarized nitrogcn atom followed by rearrangement perhaps via  
three-membered cyclic intermediate, although pentacoordinate 
phosphorus compounds containing three-membered rings have not 
yet been isolated, to a dipolar structure (5). Alternatively the 
latter may be formed by direct attack on the oxygen atom. Loss 
of the phosphate leaving group gives the nitro so-compound which 
















Ar-N0 + OzP(OEt)3 
Thus direct evidence for the intermediacy of nitrenes in 
azide decompositions has been advanced but direct evidence is 
lacking in the deoxygenation reactions. However it is clear that 
the similarity of products obtained from the two reactions probably 
implies a similarity of mechanism. 
B Typical Reactions of Aryl Nitrenes 
(a) The dimerisation of two nitrenes to form an azo-compound is 
spin allowed for both the singlet and triplet species. However the 
reaction will only be seen if there is a high concentration of 
nitrenes. Azobenzene ( 7 2%) and 2, 2' -bis(trifluoromethyl)azo-
benzene ( 8 0%) were formed 
 18 
 by the vapour phase pyrolysis of 
phenyl azide and o-trifluoromethylphenyl azide respectively. Often 
azo-compound formation can be accounted for by mechanisms 
excluding dimerisation of nitrenes. Thus the formation of azo- 
compound (40%) from the photolysis of 2-azidobiphenyl in the 
presence of a triplet sensitizer 7' 
8 
 probably involves a triplet 
azide species. 
(b) Hydrogen abstraction is a reaction of triplet nitrenes. Two 
separate steps are required (Scheme 8). Firstly hydrogen is 
abstracted from the substrate leaving a carbon-radical and an amino-
radical. The two radicals have unpaired spins and cannot couple 
unless one of their spins is reversed. Usually the time required 
for spin reversal is sufficient to allow the two radicals to diffuse 
away from each other. The amino-radical then abstracts a hydrogen 
atom forming a primary amine. 
Ar-Nt + H-R 
t 
Ar-N-H + H-R 
1' 
Ar-N r -H + 
TR
Ar-NH2 + TR 
Scheme 8 
Thus the formation of primary amines is usually taken as 
evidence for the intermediacy of a triplet nitrene. 
Thermolysis of aryl azides '° in decalin gave substituted 
aniines in yields ranging from 1% for 2-nitrophenyl azide to 97% 
for rn-methoxyphenyl azide, but generally yields in the range 40-
85% were found. 
Cadogan and Todd 
14 
 showed that hydrogen abstraction 
could also occur in the formation of nitrenes by the deoxygenation 
of nitro-compounds with triethyl phosphite when they isolated amines 
and bicumyl after reactions in cumene. Suidberg 19 found amines in 
small yield among the products of deoxygenation of o-alkylnitro-
benzenes with triethyl phosphite. 
In an interesting reaction Hall 
20 
 and his co-workers showed 
that a significant amount of hydrogen abstraction by the nitrene was 
10 
from the nitrene precursor rather than from alkane solvents. 
Thermolysis of pentadeuteriophenyl azide in pentane gave the 
aniline 40% of which had a deuterium atom bonded to the nitrogen 
atom. 
(c) The insertion of aryl nitrenes into aliphatic C-H bonds is 
normally a very low yield process, thermolysis of phenyl azide in 
N cyclohexane 21 giving -cyclohexylaniline ( 8 %) and aniline ( 30 %). 
However, when intramolecular cyclisation is possible, insertion can 
become the dominant reaction. Thus pyrolysis of o-azidophenyl- 
22 
cyclohexane in thphenyl ether gave hexahydrocarbazole ( 86 %). 
Reductive cyclisation of optically active 2-nitro -(2'- methyl-
butyl)benzene (6; XN0 2) 23 in triethyl phosphite gave the indoline 
(8; 25%) which was partly optically active (50%) (Scheme 9). 
Pyrolysis of the corresponding azide (6; XN 3 ) 
24
in diphenyl ether 
gave the indoline (60%) which had a higher optical activity ( - 65%) 
and vapour phase pyrolysis of the same azide gave the indoline (60%) 



















The mechanism (Scheme 9) which was proposed to explain 
these results involved direct insertion of a singlet nitrene into the 
C-H bond. The alternative mechanism via an intermediate 
11 
diradical (7) followed by recombination was discounted because 
this should have led to extensive racemisation, the time required 
for spin inversion being sufficient to allow rotation about the aliphatic 
C-C bond. In accord with this the vapour phase azide decomposition 
gave no racemisation unlike the solution phase decomposition where 
collisional conversion of the singlet nitrene to the triplet followed by 
reaction via the intermediate diradical (7) could occur. The parallel 
result obtained from the deoxygenation of the optically active nitro-
compound (6; XN0 2) by triethyl phosphite lends further support to 
the intermediacy of a nitrene in these reactions. 
However these results may not be as conclusive as they seem 
because thermolysis of phenyl azide 25 in optically active 2-phenyl-
butane gave intermolecular insertion forming 2-anilino -2- phenyl-
butane (40% optically active). Thermolysis of phenyl azide in 2-
deuterio- 2-methylpropane and in isobutane gave aniline and showed 
an isotope effect, kH/kD  of 4. 15 for the formation of t-butylaniline. 
The high kH/kD  value was taken to mean that the C-H bond breaks 
before the N-C bond forms and thus the insertion products arise 
from the nitrene via  two-step process. Thus phenyl nitrene is 
reacting in a triplet state and, on insertion into 2-phenylbutane spin 
inversion and coupling can be fast enough to retain a substantial 
amount of optical activity. 
(d) Since nitrenes are electron-deficient species they can react 
with non-bonding electron pairs. Thus pyrido[1, 2-b]indazole was 
formed from the thermolysis of 2-o-azidophenylpyridine 3 and from 
the reductive cyclisation of 2-nitroso- ' and 2-nitro- 3 biphenyl by 
triethyl phosphite. 
The best reagent for intermolecular trapping of an aryl 
nitrene is triethyl phosphite, the product being a triethyl N-aryl-
phosphorimidate. Cadogan 1 obtained triethyl N- a- dimethylamino- 
phenyiphosphorirnidate (9) by treating (p -  dim ethylamino)nitro sob enzene 
with triethyl phosphite and he found that the compound was hydrolysed 
during work-up on an alumina column to diethyl N-2-dirnethylamino-
phenyiphosphoramidate (10) (Scheme 10). 
12 
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Scheme 10 	 ,7LNH.p(11 (0Et) 2 
(10) 
Sundberg 19  also found phosphorimidates in the reaction of 
an excess of triethyl phosphite with o-alkylnitroso- and o-alkylnitro-
benzenes (5-13% and 35-50% respectively). Similarly Sundberg 
and his co-workers 
26 found phosphorimidates (1-53%) in the photo-
chemical reaction of triethyl phosphite and o-alkylnitrobenz enes. 
Dimethyl suiphoxide can also be used to trap aryl nitrenes 
as has been demonstrated by Banks and his co-workers. The very 
electron- deficient nitrenes, 2, 3, 5, 6-tetrafluoro-4 -nitrenopyridine 27 
and pentafluoronitrenobeflZefle 28  formed from the thermal decompo-
sition of the corresponding azides gave suiphoximides (11 and 12; 
47 and 48% respectively) (Scheme ii). 
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Scheme 11 
13 
(e) Ring expansion of aryl azides on thermolysis in the presence 
of amines to give 3H-azepines (14) is considered to be a reaction 
of a nitrene. 29 This assumption is supported by the fact that 
azepines have been produced by thermolysis 30 and photolysis 31 of 
azides and by deoxygenation of nitroso- 32 and nitro -'4benzenes by 
tervalent phosphorus reagents. The mechanism involves an 
equilibrium between an aryl nitrene and a 7-azabicyclo[4, 1, 0]hepta-
2,4, 6-triene (13), the latter of which reacts with a nucleophile, 
diethylamine being the most successful, to give the 3H-azepine (14) 
(Scheme 12). 
H  
R2 N H I7 >KI N R2 
_ \_-=J 
(13) 	 (14) 
Scheme 12 
(f) Intramolecular reaction of aryl nitrenes with multiple bonds 
has already been mentioned e. g. carbazole formation. 
Intermolecular reaction with multiple bonds will only occur 
if the aryl nitrenes are activated by electron-withdrawing groups. 
Huisgen and his co-worker 33 found that the pyrimidyl nitrene (15) 
would react with electron-rich benzene rings e. g. trim ethylbenzene 
and trim ethoxybenzene to give diphenylamines (16; 34 and 50% 
respectively) (Scheme 13). 
Abramovitch 34  and his co-workers discovered diphenyl-
amines in the reaction of -cyano-, 2-nitro- and - trifluorom ethyl-
phenyl azides with electron-rich benzene rings. The reaction of a 
suitable nitro so -compound with triethyl phosphite also gave inter-
molecular aromatic substitution. Thus Abramovitch and his 
co-workers obtained a diphenylamine and also managed to trap the 
proposed azacyclohepta- 2, 4, 6-triene intermediate (17) (Scheme 13) 
14 
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with tetrac yano ethylene to give the adduct (18) (Scheme 14) in 
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Scheme lh 	(18) C
6 F5  2% 
The pentafluo ronitr enobenzene formed is sufficiently 
electron-deficient to react with benzene and even olefins. Thus 
15 
treatment of cis- and trans -but- 2- ene 36 with the nitro so-compound 
and triethyl phosphite gave stereospecific addition to form aziridines 
( 20 %). 
C 	Synthetic Usefulness of the Deoxygenation of 
- 	Nitrobenzenes by Tervalent Phosphorus Reagents 
Use has been made of the reductive cyclisation of aromatic 
nitro-compounds by tervalent phosphorus reagents to make five-, 
six-, and seven-membered nitrogen heterocycles. 
(a) Formation of five-membered nitrogen- containing heterocycles 
Reductive cyclisation of 2-nitrobiphenyl 13 and many sub-
stituted analogues by triethyl phosphite gave good yields of carbazoles 
(Scheme 15). Similarly 2-o-nitrophenylpyridine gave pyrido[l, 2-b]-
indazole. The parallel azide decompositions 2 also gave high yields 
of carbazoles and pyrido[l, 2-b]indazole. 3 
N mn" M 02 N
X = BrMeCE 35- 85% 
Scheme 15 
Cyclisation to form a five-membered ring is the preferred 
reaction, thus l-o-nitrophenylnaphthalene, 13 which could cyclise 
to form either a five- or a six-membered ring, was reduced to give 
3,4-benzcarbazo].e (19) and no mesobenzacrjdjne (20) was formed 
(Scheme 16). 
By analogy with the cyclisation of 2-nitrobiphenyl to 
carbazole, o-nitro-sty rene  and -stilbenes should give indoie 




(20) 	Scheme 16 	(19) 
Thus cis- and trans -2- nitro stilbene gave 2-phenylindole (21, 
Scheme 17; R=Ph; 85 and 58% respectively) on reaction with 
triethyl phosphite. 
NO2 	 C[A  N 
Scheme 17 	(21) 
Sundberg' 7  confirmed the synthesis of 2pheny1indole (71%) 
from trans-2-nitrostilbene and extended it to include 2-alkyl-(z 50% 
yields) and 2-acyl- (z16% yields)-indoles. Further he extended the 
synthesis to the corresponding azide decompositions 37  and found 
better yields (>70%) especially in the acyl- substituted cases. Smith 
and Rowe 
38
decomposed cis- and trans-2-azidostilbene and obtained 
2-phenylindole (18 and 88% yields, respectively). 
In similar cyclisations o-nitrobenzylideneqnilines 	(22) 
gave 2-arylindazoles (23), 2-nitroazoarenes 13 (24) gave 2-aryl-
benzotriazo].es (25), and N- benzylidene- 2-nitroaniline 39 (26) gave 
Z-arylbenzimidazoles (27) (Scheme 18). 
17 
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NAr O2 cc  
(26) 	 (27) 
Scheme 18 
The thermolysis of the corresponding azides has given 
indazoles and benzimidazoles 
41 , 42 
 (45-96% yields). 
The reductive cyclisation of o-nitrophenyl ketones 
 39 
 gives 
anthranils. Thus 2-nitrobenzophenone gave 3-phenylanthranil 
(28; 56% yield) (Scheme 19). 
I 	 -~. 0 
Scheme 19 	(28) 




An interesting feature of the azide decompositions is the 
relatively low decomposition temperature (<1300) compared with 
the temperature required (>160 0 ) to decompose azides which don't 
have o rtho -subs tituents suitable for neighbouring group participation. 
Dyall and Kemp 
 44 
 in a kinetic study found such participation with 
ortho-phenylazo-, acetyl- and benzoyl-groups. These substituents 
assist in the elimination of nitrogen and a nitrene is not involved. 
The two possible decomposition pathways of an azide, depending 
on the presence of a suitable ortho-substituent were well exemplified 
by Carboni and Castle 
45 (Scheme 20). o, o'-Diazidoazobenzene 
(29) decomposed initially at 58 ° via  concerted cyclisation and 
nitrogen elimination to give a 2-arylbenzotriazole (30) which only 










(O:N  (31) 
An interesting thermal decomposition of an azide has 
recently been described. 46 Thermolysis of 3-azido-4-(2-pyridyl)- 
carbostyril (32) gave a pyridopyrazoloquinoline (33; 35% yield) and 
a pyridopyrolnquinoline (34; 255 yield) (Scheme 21). This is the 
first example of competition between N-N and N-C bond formation 
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Triethyl phosphite reacted with o-nitrophenyl benzoate 
and acetate (35; RPh, Me) to give 2-phenyl- and 2-methyl- 
47 
benzoxazole 	(36; 68 and 6. 5%, respectively) (Scheme 22). 
However the thermolysis and photolysis of the corresponding 
azides did not give significant quantities of the benzoxazoles and 
hence the nitro-phosphite reaction in this case is thought to give 
benzoxazole via the nitrene precursor Ar--O-(OEt) 3 . 
(




Scheme 22 (36) 
Further extensions of the reductive cyclisation include the 
preparation of a benzothienoindoie 48 (39) from both 2-(o-nitrophenyl)-
benzo[b]thiophen (37) and 3-nitro- 2-phenylbenzo[]thiophen (38) 
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(38) 
Scheme 23 
Cyclisation of trans - i -aryl- 2-(3 -nitro -. 2-benzo[b]thienyl)-
ethene (40) gave a benzothienopyrroie (41, 70%)  and cyclisation of 
N-(3- nitrob enzo[J thiophen- 2-ylidene)aniline (42) gave a benzo-
thienopyrazole (43, 25%)  (Scheme 24) and again the corresponding 
azides gave the same products. 49 










(42) 	 (43) 
Scheme 24 
(b) 	Formation of six-membered nitrogen-containing hetero- 
cycles: Formation of phenothiazines from biaryl sulphides 
and similar reactions of biaryl ketones, amines, methanes 
nd 
Although cyclisation to form five-membered rings proceeds 
21 
with greater ease, cyclisation to form six-membered rings is 
now well-known. Cadogan and his co-workers 50 found that 
treatment of 2-nitrophenyl phenyl sulphide with an excess of 
triethyl phosphite gave phenothiazine (44; X=H, 54%)  and 10- 
ethyiphenothiazine (45; X=H, 2%), the latter product being formed 
by ethylation of phenothiazine by triethyl phosphate (Scheme 25). 
The corresponding azide decomposition 43 also gave phenothiazine 
( 3 2%). Examination of the substituent effects of the reductive 
cyclisation however, revealed 51' 52 that the reaction does not 
proceed by direct nitrene insertion into the C-H bond ortho to the 
sulphur bridging atom but proceeds by formation of a five-membered 
spirodienyl intermediate (46) which, after a 1, 2-sigmatropic shift 
of sulphur, followed by proton rearrangement gives the phenothiazine 
(44) (Scheme 25). 
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It was also found 
52
that the yields of phenothiazines 
produced were much improved (XC1, But, Me, MeO, H, D; 
55-85%) when cumene was used as a solvent. The corresponding 
azide decompositions 52, 	also proceed with rearrangement 
giving phenothiazines (XC1, But,  Me; approximately 3 5%) 
(Scheme 25). 
A similar rearrangement occurred during the reductive 
cyclisation of 2-nitrophenyl 2-substituted phenyl sulphides 54 (48) 
(Scheme 26) and during the thermal decomposition of the corres-
ponding azides. 53 
(NO2 
(8) 
C  S 
X 
Scheme 26 
Thus the initial cyclisation is to form a five-membered 
ring conforming with the pattern found earlier. 
Smalley 
55 
 and his co-workers have extended this reaction 
to the reductive cyclisation of 2-phenylthio-3-nitropyridine (49) 
and the thermolysis of the corresponding azide and they obtained 
a pyridobenzothiazine (50) in moderate yield in both cases. (Scheme 
27). 







The postulated mechanism (Scheme 25) for the rearrange-
ment requires the formation of a 4aH-phenothiazine intermediate 
(47) which can easily tautomerise to give the phenothiazine. When 
both positions ortho to the sulphur atom in the starting sulphide 
were blocked new rearrangements were observed. Thus 2, 4, 6-
trimethyiphenyl 2-nitrophenyl sulphide 
54 
 (51) (Scheme 28) gave 
5, 11- dihvdro -2,4- dimethyldibenzo[b , e][ 1,4]thiazepirie (52; 10 %) 
and a diethyl N- ethyl- N-arylpho sphoramidate (53; 66%). The 
isomeric 10, 11 -dihydro- 2, 4-dimethyldibenzo[b, fl[i, 4]thiazepine 
(54) which would be formed by direct insertion by the nitrene into 
the side chain C-H bond was not detected. 
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 Me 
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The mechanism (Scheme 28) shows initial formation of the 
spirodienyl intermediate which reacts via  diradical recombination 
24 
rather than the thermally forbidden 1, 3-suprafacial sigmatropic 
cc' 
shift of sulphur. 	The same thiazepine (52) was formed by 
thermolysis of the corresponding azide. 
 54 
Another interesting rearrangement occurred when 
methoxy-groups were used in the ortho-positions. 	Thus 1- 
methoxyphenothiazine and 1, 2- dirnethoxyphenothiazine were 
obtained (Scheme 29), the demethoxylation liberating formaldehyde 
which was isolated. Similar reactions occurred in the corres- 
czi. 




















The reductive cyclisation of 2, 6-diethoxycarbonylphenyl 
2-nitrophenyl sulphide 
54
gave 1, 4a- diethoxycarbonyl-4aH- pheno - 
thiazine (55; 35%) which corresponds to the non-aromatic inter-












A similar rearrangement occurs in some cases of the 
anthrani].- ac ridone transformation. Thus Kwok and Franc 57 
discovered that the thermal rearrangement of 3-(2, 4-dimethoxy-
phenyl)anthranil (56) gave 2, 4- dimethoxyacridone (57; 50%) 
(Scheme 31). A similar rearrangement occurred with 3-(4-
methoxyphenyl)anthranil to only a minor extent suggesting either 
that 1, 2-shifts of both the carbonyl and nitrogen functions could 
occur or that direct insertion of the nitrene into the unblocked 
ortho-position was possible. 
OMe 
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Scheme 31 
26 
An interesting recent development of this reaction is the 
pyrolysis of 3-(2-pyridyl)anthranil 58  to give an oxopyridocinnoline 
(58; 94%) (Scheme 32). 
KYTh 0 —> 
N' 215 ° L.,.JN N) 
Scheme 32 	(58) 
Here direct attack by the electron-deficient nitrene on 
the electron-rich pyridine nitrogen atom seems most likely. 
The rearrangement also occurs in the reduction of N-
acetyl- 2-methylthio - 2 1 - nitro diphenylamine (59) by triethyl 
phosphite 
59 
 which formed 1 -methylthio- 5-ac etyl- 5, 10- dihydro-
phenazine (60; 22%), 5-acetyl-5, 10-dihydrophenazine (61; 2%) 
and a 2-methylbenzimidazole (62; 3 %) (Scheme 33). The first 
compound is produced by rearrangement of the spirodienyl 
intermediate followed by tautomerism, and the second compound 
is the product of rearrangement followed by demethyithiolation. 
The benzimidazole formation is analogous to the benzoxazole 
formation mentioned above (see Scheme 22). 
Decomposition of the corresponding azide 43 gave only tars 
as do reductive cyclisations of nitro-compounds with an unprotected 
NH bridging-group. 13  
Smith 	and his co-workers found that the thermal decom- 
position of 2-azidophenyl phenyl suiphone gave phenothiazine-5, 5-. 
dioxide (42%). In a substituted example of this reaction Lim 60  
decomposed 2-azidophenyl 3-chiorophenyl suiphone and obtained 
a mixture of 2- and 3-chlorophenothiazine-5, 5-dioxides in moderate 
yield implying that the rearrangement seen in the previous cases 
27 
(59) Me 














(62) 	 COMe 
Scheme 33 	IlIN)  SMe (60) 
did occur to some extent. 
The thermal decomposition of o-azidodiphenylmethane61' 62 




















Thermolysis of 1 -(2-azidobenzyl)_ 2, 4, 6- trimethylbenzene 
gave a mixture of tautomeric azepinoindoles. 	However, the 
reductive cyclisatjon of the corresponding 2-nitrobenzyl. compound 60 
(64) gave in addition a diethyl benzyiphosphonate (65; 7 %) indicative 
of the presence of the spirodienyl intermediate as shown in Scheme 
35. 
Me 
(aNO  Me 
Me 
Me 




Smith and his co-workers found that the thermal decom-
position of 2-azidophenyl phenyl ether did not give any isolable 
phenoxazine. Similarly Smalley 55 and his co-workers found no 
products from either the reductive cyclisation of 3-nitro-2-
phenoxypyridine or the thermal decomposition of 3- azido -2- phenoxy -
pyridine and Lim 60 found only tars after the thermal decomposition 
of 2-azidophenyl 4 -methoxypheny]. ether. However products were 
found when the ortho - positions were blocked. Thermolysis of 2-
azidophenyl 2, 4, 6 -trim ethylpheny]. ether 64 (66) gave, in an analogous 
reaction to that of the corresponding suiphide (see Scheme 28), 5, 11- 




II1 1 jI 1Me 
N3 me H Me 
(66) 
	
Scheme 36 	(67) 
Thermolysis of 2- azidophenyl 2, 6-dimethoxyphenyl ether 64 
gave a monomethoxyphenoxazine assigned the structure 4-methoxy-
phenoxazine (35%),  1, 2-dimethoxyphenoxazine (15%) and formalde- 
hyde (15%) in a fairly close analogy with the corresponding sul-
phide reaction (see Scheme 29) (Scheme 37). 
OMe 	 OMe 
(aN 3 OMe 
	 H 
	
H OMe Me 
Scheme 37 
A further application of the nitro-phosphite reaction to 
form six-membered rings is the preparation of 8, lO-dimethyl-
phenanthridine (68; 14%)  from 2, 4, 6-trirnethyl- 2'-nitrobiphenyl 14 
and triethyl phosphite in cumene, the same product (50%) being 




The reductive cyclisation reaction has been used to 
prepare, from a 4-(2-nitrophenyl)pyridine 
66
(69) (Scheme 38), a 





Et02C 	Et02C Me 
(69) 	 (70) 	 (71) 
Scheme 38 
The latter product is formed via reaction of the nitrene 
with the ester carbonyl bond. Similar cyclisations involving 
neighbouring carbonyl groups gave an isoindoloquinazolinone 
67
(72), 
an oxazoioquinoiine68  (73) and a diethyl pyrazoloquinolinylphos-
phonate6 (74). An unusual feature of the p. m. r. spectrum of 
the last compound is the doublet obtained for the amine (NH) 














(c) 	Formation of seven-membered nitrogen-containing 
heterocycles 
Several seven-membered rings produced by rearrangement 
after formation of a spirocLienyl intermediate have been mentioned 
above (see Schemes 28, 34, 36). 
Ring expansion of aryl azides by thermolysis 3° and phot-
o lysis 3'  in the presence of amines gives 3H-azepines (75) via an 
equilibrium between an aryl nitrene and a 7-azabicyclo[4, 1, 0]hepta- 
29, 30, 31 	 32 2, 4, ó-triene 	 (Scheme 39). Nitrosobenzene 	reacts with 
triphenyiphosphine in diethylamine to give 2-diethylamino-3H- 
14 azepine ( 60 %; Scheme 39). A higher yield was obtained by the 
reaction of nitrobenzene with diethyl methylphosphonite in diethyl-
amine (Scheme 39) and this reaction has been extended to substituted 
benzenes. 
70 
 Photolysis of nitrobenzene 
26 
 in diethylamine with 
added triethyl phosphite gave a low yield of the same 3H-azepine 
(Scheme 39). 
PhN3 PhNO 	PhNO2 	Ph NO2 





Scheme 39 	 H 75 
The tervalent phosphorus reagent used for the deoxygenation 
of the nitro-compounds can also act as a fairly efficient nucleophilic 
trap for the bicyclocompound in the absence of diethylamine and in 
- 	 26 	 - this case the position or substitution is different 70, 71 (Scheme 






- N (EtO)3F 
P(0)(OEt)2 
Me 





D Further Consideration of the Nitro-Phosphite 
Mpr"hnniqrn 
In the reductive cyclisation of 2-nitro- and 2-nitroso-
biphenyls by tervalent phosphorus reagents to give carbazoles 
nitrenes have been proposed 15a roposed lSa  as intermediates to explain the 
similarity of products obtained with those obtained from the de-
composition of azides which do involve nitrenes. 
Similarly nitrenes were suggested 52, 54 as intermediates 
in the formation of phenothiazines from 2-nitrophenyl phenyl 
sulphides. 
The proposed mechanism of nitrene formation is shown 
in Scheme 41. 
P(OR)3 	+ 	-OP(OR)3 









The driving force behind these steps is the strength of 
the P0 bond formed, 
15a
when trialkyl phosphate is released. 
However there are examples of the nitro-phosphite reaction 
in which nitrenes are thought not to be involved. Thus Saunders 
and Leyshon47  prepared 2-phenylbenzoxazole from the reductive 
cyclisation of o-nitrophenyl benzoate by triethyl phosphite (see 
Scheme 22) but they did not detect significant amounts of the same 
product from either the thermolysis or photolysis of the correspon-
ding azide. Hence it was suggested that benzoxazole was formed 
via the nitrene precursor, Ar--0-(OR) 3 . 
Cadogan and Kulik 54  studied the reductive cyclisation of 
2, 6-dichlorophenyl 2-nitrophenyl sulphide (76; XN0 2) (Scheme 
42) with triethyl phosphite and found 4-chlorophenothiazine (77; 
5 2%) and the 1-chioro-isomer (78; 37 %). However the decomposition 
of the corresponding azide (76; XN) gave mainly 1 - chioropheno-
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(77) 	Scheme 42 
The azide decomposes mainly via  spirodienyl intermediate 
followed by a 1, 2-sulphur shift, followed by rearomatisation to 
give N- chlo ro -1- chiorophenothiazine, which loses the N-chlorine 
under the experimental conditions. The small amount of 4-chioro-
compound can be formed either by direct insertion via  six-membered 
ring intermediate or via  1, 2-sigmatropic shift of nitrogen rather 
than sulphur in the spirodiene. 
The nitro-compound can react via the spirodiene, like the 
azide, to give 1-chiorophenothiazine. However the major product 
the 4-chloro-isomer, must be formed via  different intermediate 
and the nitrene precursor, Ar--O-(OEt) 3 , was suggested. This 
could cyclise before loss of triethyl phosphate because of the 
proximity of the chlorine atom, a good leaving group, in the ortho-
position, as shown in Scheme 42. 
A similar duality of mechanism was proposed to explain 
the formation of both 4-methyl- and 1- methyl-phenothiazine in the 




made 2-phenylindole from the reductive cyclisa-
tion of trans-2-nitrostilbene by triethyl phosphite but he did not 
propose a nitrene intermediate. In fact he proposed an N-hydroxy-
indole intermediate (79; Scheme 43) which he managed to isolate 
and which could be converted to 2-phenylindole by further treatment 
with triethyl phosphite. 
Holliman 2 and his co-workers used a biochemical technique 
to investigate the nature of the intermediates in reductive cyclisations 
by tervalent phosphorus reagents, and in azide decompositions. 
"If a pair of substrates, one isotopically labelled, are reacted in 
the same medium any common intermediate will be pooled and all 
products arising therefrom will carry the label in equal proportions. 
Thus it was proposed that the deoxygcnation of 2-nitrosobiphenyl by 
triethyl phosphite and the thermal decomposition of 2-azidobiphenyl 
did not form carbazo].es via  common intermediate in decalin or 
chlorobenzene but did form a common intermediate in triethyl 
35 
III 
INN  02 	C i0-- 	 Ph rir\ - 	 IN 
00), 0- 
Ir 
E  —Ph OCN Ph 
OH (79) 
Scheme 43 
phosphate. The common intermediate suggested was the nitrene 
precursor, Ar-N-O-(OEt) 3 , but no mechanism for cyclisation of 
this onto an electron-rich ring was given. The thermal decomposi-
tion of 2-azidophenyl phenyl sulphide in triethyl phosphate 72 gave 
both the 4-chloro- and l-chloro-phenothiazines in a ratio of 22:44 
compared with a ratio of 5:40 obtained in decalin 54  and 45:35 from 
the reductive cyclisation of the corresponding nitro-compound. 54 
The intermediate previously proposed by Cadogan, 	Ar-N-Q-i(OEt), 
for the formation of the 4-chloro-isomer was endorsed and its greater 
importance in triethyl phosphate was suggested. 
Thus there is strong evidence in many cases that the reaction 
proceeds via  nitrene but in others a nitrene precursor seems 
likely. 
IS 
2 	THE PREPARATION, STRUCTURE, AND REACTIONS 
OF PENTACOORDINATE OXYPHOSPHORANES 
A The Preparation of Pentacoordinate Oxyphosphoranes 
Oxyphosphoranes are derivatives of the pentahydride of 
phosphorus, PH5 , in which the five ligands, at least one of which 
is oxygen, are covalently bound to the phosphorus atom. The 
spacial arrangement of the ligands around phosphorus is trigonal 
bipyramidal in the ideal case, giving three equatorial ligands (1, 2, 
and 3) in a plane with the phosphorus atom and two axial ligands 
(4 and 5) directly above and below the phosphorus atom and ortho-
gonal to the plane of the other ligands (80). Thus the two sets of 
ligands are in different environments. 
4 
9001 	.2 	0 P . r 
(80) 
This arrangement has been confirmed -by electron diffraction 73 
and X-ray analysis. 74 
The placement of five ligands round a central atom leads to 
steric crowding of the ligands which is lessened when two of them 
are joined to form a planar or nearly planar ring. This increase 
in stability has led to the isolation of many ring-containing phos- 
phoranes. 
(a) 	The addition of trialkyl phosphites to a-dicarbonyl and similar 
1, 3-unsaturated systems is the most extensively used method for 
obtaining penta- and tetra -alkoxyphosphoraneg. 
In 1960 Ramirez and Desai 75  discovered that treatment of 
9:10-phenanthraquinone (81) with trimethyl phosphite in dry benzene 
at 00  gave a 1:1 adduct (82) (Scheme 44). 
The 1:1 adduct, a 1, 3, 2-dioxaphospholene, contained a 
37 
I I 	+ P(OMe)3 - I II 	P(OMe)3 
(81) (82) 31 :+49 
Scheme LL 
pentacoordinate phosphorus atom a characteristic of which is a 
large upfield chemical shift in the phosphorus n. m. r. spectrum 
( 31 P) from that of phosphoric acid (H 3PO4 , 85%) taken as zero 
parts per million. The adduct (82) had a 31P chemical shift 
of +49 parts per million proving that a dipolar structure (83) was 
not present as this would have had a chemical shift below that of 
the phosphoric acid standard (84). 
+ 	(HO\ 	HO\+ \ 
-P(OMe)3 	I HO - POHO-P—  cTI 




Benzil (85) also reacted with trimethyl phosphite to give a 
76 1, 3, 2-dioxaphospholene (86), 75, 	a reaction which was confirmed 
by Burgada and Bernard 77 who extended the synthesis to prepara-






monoimine of benzil (87) with trimethyl phosphite at a much higher 
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(88) 	31 P:+535 
Similarly Sidky and Zayed 78 prepared the 1, 3, 2-oxaza-
phospholine (89) and Ramirez and his co-workers prepared a 




(90) Ph31 P: 567 
Variation of the trialkyl phosphite used in the reaction is 
also possible, simple trialkyl phosphites giving monocyclic adducts, 
while cyclic phosphites give bicyclic adducts. Thus the phosphite 
(91) gives the spiro-oxazaphosphorane (92) (Scheme 46) on reaction 
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An interesting development of this reaction 79 was the 
isolation of an adduct (95) on treatment of N-phenyl-N'-benzoyl-
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(93) 	(91+ ) 
A similar addition is possible between trimethyl phosphite 
and 3-benzylidene penta -2,4-dione (96)80 to give the 1, 2-oxa-











(97) 31 P:+28 
Similarly Burger and his co-workers 81 prepared a 
1, 3, 5-oxazaphospholine (98). 
Pr Q 
I \P (OMe)3  
F3  CF 3 
(98) 
31 P: +35. 5 
The addition works equally well with dialkyl phosphonites 
and alkyl phosphinites giving 1, 3, 2-dioxaphospholenes with one 
and two exocyclic P-C bonds respectively. 82,83 Thus biacetyl 
reacted with dimethyl phenylphosphonite and methyl diphenyl- 
p 
phosphinite to give the adducts (99) and (100). 3  
Me 0, / Ph 
II P\  OMe 
Me O' OMe 
I r r  




The mechanism, proposed by Ramirez, 84 for the addition 
reactions of trialkyl phosphites to a-diketones invokes nucleophilic 
attack by phosphorus on the carbonyl-oxygen atom to give a 1:1 
dipolar adduct (101) which is stabilised by cyclisation (Scheme 49). 
R 	 R 	 R 
RO + F(Of)3 RO P(OR)3 R''° 
(101) 
Scheme 49 
A complication occurs in some of the additions however as 
the newly formed 1, 3, 2-dioxaphospholene may react with unchanged 
a-diketone to give a dioxaphospholane. Thus biacetyl 85 reacted 
with trimethyl phosphite at 20 0 to give an isolable 1:1 adduct (102; 
95%). Addition of more biacetyl gave further reaction at 20 0 to 
form a 1, 3, Z-dioxaphospholane (103) as a mixture of diastereoisomers 
depending on the arrangement of the substituents on the carbon atoms 
at positions 4 and 5. The meso-form can be separated by fractional 
crystallisation (Scheme 50). 
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Scheme 50 (102) 
	 (103) 
The secondary reaction is not limited to attack by biacetyl 
alone. Similar 1, 3, 2-dioxaphospholanes (104) and (105) can be 
formed on reaction of the 1:1 adduct (102) with methyl pyruvate 
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It is assumed that the carbonyl-oxygen atom, can coordinate 
to the phosphorane forming a hexacoordinate complex (106). An 
endocyclic P-O bond breaks giving a transient dipolar intermediate 
(107), which again has a pentacoordinate phosphorus atom, before 
cyclisation occurs to give the 1, 3, 2-dioxaphospholane. 
(b) 	1, 3, 2- Dioxaphospholanes can be prepared directly by treat- 
ment of trialkyl phosphites with two equivalents of a rcactive 
carbonyl compound. Ramirez and his co-workers 82 found that 
hexafluoroacetone reacted with trimethyl phosphite to give a 
phosphorane (108) (Scheme 52) via initial attack by 
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F3C 	6 F3C 
F3C- 0 
F3C 	,P(OMe)3 o 
F3C 
(108) 
This reaction is of some generality, any carbonyl group 
which is activated by electron-withdrawing substituents giving a 
similar product. Thus o- and 2-nitrobenzaldehydes 88 also give 
1, 3, 2-dioxaphospholanes. 
(c) 	The reaction of phosphites and analogous amino- substituted 
phosphorus compounds with glycols and aminoalcohols also provides 
a route to oxyphosphoranes. 
The spirocyclic phosphorane (109) was prepared by Burgada 
and his co-workers 89 by treatment of tris-dimethylaminophosphine 
with two equivalents of pinacol (Scheme 53). 
Scheme 52 
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(109) 	31 :40 
The corresponding reaction with 2-(N-methyl)amino ethanol 
did not go to completion giving a mixture of pentacoordinate and 
tricoordinate phosphoranes, (110) and (111), as identified by their 
44 
31 P chemical shifts (Scheme 54). 
HO 
(Me2N)3P+2 	) HN 
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Scheme 54 	N, 	(iii) 31 P:-137 Me 
o-Aminophenols are equally effective and react with 
tris - dim ethylaminopho sphine  to give the s pirocyclic oxazaphos - 




(112) 	R = H 
0 
	(113) R= Me 
(d) 	Phosphonium salts with a carbon chain or a carbon- 
heteroatom chain which contains a hydroxyl group in the s-position 
undergo ring closure on treatment with base. 
Thus a 1, 2, 5-oxazaphospholine (114) was prepared 92 by 
the action of potassium hydroxide on ( 2- oximino-2-phenyl)ethy]. 
triphenyiphosphonium bromide (Scheme 55). 
45 
N°FL 	base N °' 
PhJ Br 
(11  4) 
Scheme 55 
The reaction of peroxides with tricoordinate phosphorus 
compounds gives the corresponding pentacoordinate phosphorane. 93 
This method is capable of giving simple oxyphosphoranes not 
readily formed by other methods. Thus Denney and Jones 93 
treated triethyl phosphite with diethyl peroxide to form penta-
ethoxyphosphorane (115) contaminated by a little triethyl phosphate. 
P(OEt)5 
31 P: +71 (115) 
A recently discovered method of wide applicability for the 
synthesis of oxyphosphoranes is the addition of 1, 3-dipoles to 
phosphorus ylidese.g. benzonitrile oxide reacted with methylene-
triphenylphosphorane 94 to give a 1, 2, 5-oxazaphospholine (116; 
64%) (Scheme 56). 
+ - 	 N 0' 
Ph-CE N—O + H2C=P(Fh)3 	,11P(Ph)3 
Ph 
Scheme 56 	(116) 	31P: +37 
95 
A related reaction 	is the 1, 3-dipolar cycloaddition of a 
diethyl phosphoramidite to an aromatic aldehyde to give a 1:1 adduct 
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Ph 	i l l(118) 
Similar compounds could be prepared from the 1, 3, 2-
oxazaphosphole (119) prepared by Kabachnik and his co-workers 96 
from o-azidophenol and diethyl pho sphorochlorithte (Ci P(OEt) 2). 
rr 0' -OEt 
( jLN'OEt 
(119) 
(g) 	Ligand exchange at phosphorus provides a powerful route 
from one oxyphosphorane to another and it is a particularly good 
method of making spiro-oxyphosphoranes. 
Pentaphenoxyphosphorane, prepared 97 from phosphorus 
pentachioride and phenol in the presence of base, reacted with one 
or two equivalents of catechol to give a mono- and a bicyclophos-
phorane (120 and 121 respectively) (Scheme 58). 
Similarly pentaethoxyphosphorane reacted with one or two 
equivalents of ethylene glycol at room temperature, probably via 
a hexacoord.inate phosphorus intermediate, 98 to give more stable 
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19 
These reactions proceed easily because the cyclic oxy- 




31 P: 85•6 
Scheme 
48 
B The Structure and N. M. R. Spectra of Pentacoordinate 
Oxyphosphoranes: Permutational Isomerisation 
The preferred spacial arrangement of five ligands around 
a central phosphorus atom is usually trigonal bipyramidal (124) 
giving two sets of ligands, equatorial (1, 2, and 3) and axial (4 and 
5) respectively, which experience different environments. 
5 	(124) 
However the '9F n. m. r. spectrum of pentafluorophosphorañe 
(PF 5 ) at room temperature shows only one signal indicating that all 
the fluorine ligands are in equivalent environments. 
100 
 The room 
temperature i. r. spectrum did indicate that the axial and equatorial 
fluorine ligands are in different environments. 
101
Thus the ligands 
must be interchanging between axial and equatorial positions at a 
rate which is rapid on the n. m. r. time scale but slow on the i. r. 
time scale. 
This phenomenon is general amongst pentacoordinate phosphor-
anes and many experiments using variable-temperature n. m. r. 
- spectroscopy have shown rapidly interchanging ligands at high tem-
peratures which can be 'frozen' into their axial and equatorial 
positions at lower temperatures, indicating that there is a small 
activation energy for the interchange process. 
Two general processes have been proposed to account for 
this ligand organisation. These are Regular and Irregular Permu-
tational Isomerisation. Regular Permutational Isornerisation is the 
reorganisation of ligands about the central phosphorus atom by the 
simple deformation of bonds rather than the rupture and re-formation 
of bonds which is called Irregular Permutational Isomerisation. 
Both of these processes have been observed but usually the first 
49 
process operates. 
Two mechanisms for regular permutational isomerisation 
have been proposed. These are Berry Pseudorotatiofl '°2 and 
Turnstile Rotation. 83, 103 
Berry Pseudorotation (B.P.R.) exchanges pairs of axial 
and equatorial ligands in a concerted process while the remaining 
equatorial ligand, known as the pivot, remains stationary. Thus, 
in Scheme 60, the pivot ligand (1) remains stationary while the two 
axial ligands (4 and 5) move in plane b away from the pivot, and 
the two equatorial ligands (2 and 3) move in plane a towards the 
pivot. At the point shown in the second figure (125) all four ligands 
are equidistant from the pivot, lying on the four base corners of a 
square pyramid. This is the high energy point of the process hence 
giving a small activation energy to the reorganisation. As the move - 
ments continue ligands 2 and 3 take up new axial positions and ligands 
4 and 5 take up new equatorial positions. This is a single B. P. R. 
process repetition of which, using each ligand in turn as the pivot, 









Turnstile Rotation (TR) achieves exchange of pairs of 
axial and equatorial ligands. In detail the deformations are more 
complex than those in B. P.R. but the basic process is fairly readily 
explained (Scheme 61). The line AB bisects the angle 3-F-4 
(AB is a C2 axis for this part of the phosphorane) and it bisects 
the solid angle contained by the bonds from phosphorus to the 
ligands 1, 2, and 5 (AB is a C3 axis for this part of the phosphorane). 
Now the pair of ligands 3 and 4 rotates through 1800 about the local 
axis AB, 3 moving out of the plane of the paper and 4 moving 
below the plane of the paper. Hence these ligands interchange 
positions. At the same time the trio of ligands 1, 2, and 5 rotate 
i through 120 
0 
 about the local C3 axis AB n the opposite direction, 
5 moving below the plane of the paper till it reaches the position 
originally occupied by 1, 1 moving to the position originally 
occupied by 2, and 2 moving to the position originally occupied by 5. 
This completes the single TR process whereby two axial ligands 
4 and 5 have become equatorial, two equatorial ligands 2 and 3 have 
become axial and one ligand 1 has remained equatorial. Continuation 
of this process about AB and about similar axes results in ligand 
equivalence. 
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Scheme 61 
A more detailed examination of a single TR83' 103  shows 
that (i) there is initially a compression of the diequatorial angle, 
1-P-2, from 120
0 
 to 90° , (ii) there is a tilt in the plane of the 
paper of approximately 
90 
 of the ligand pair, 3 and 4, towards the 
axial ligand 5 of the trio. This gives the arrangement depicted in 
the Newman projection (126) (Scheme 62). Now the rotations 
described above occur, resulting in the net 600 rotation of the pair 
relative to the trio. The reversal of the tilt of the pair, and the 
,- 	, 
expansion of the diequatorial angle in the trio generates the new 
trigonal bipyramid. 
4 	. 	 0 











A double turnstile rotation, (TR) 2, occurs if, after the 
ri 
first 60" rotation of the pair relative to the trio, it becomes 
energetically more favourable to .carry out a second 600  rotation 
and only then reverse the tilt and expand the angle to form a new 
trigonal bipyramid. Since the tilt reversal and bond expansion 
does not occur after 600  it is possible to bypass an unfavourable 
trigonal bipyramid. This is not possible by the B.P.R. mechanism. 
The essential. difference between the two mechanisms is the 
internal rotation about an axis through the phosphorus atom in only 
the TR case. 
Studies in the oxyphosphorane field have confirmed that the 
preferred geometry about the central phosphorus atom is approxi-
mately trigonal bipyramidal. Thus Hamilton and his co-workers 74 
determined by X-ray analysis the crystal structure of the 1:1 adduct 
from 9:10 -phena .1 thraquinone and tn- isopropyl phosphite and found 
a slightly distorted trigonal bipyramidal structure with the 1, 3, 2-








The ring angle 0(l)-P-0(2) is 89. 
30 
 rather than the 1200 
ring angle which would occur if the ring were to span two equatorial 
positions. An interesting point is that the axial bonds are longer 
than the corresponding equatorial bonds. Thus the axial endocyclic 
bond P- 0(l) (1. 75) is longer than the equatorial endocyclic bond 
P-O(2) (1. 63X). Similarly the axial exocyclic bond P- 0(3) (1. 64k) 
is longer than the equatorial exocyclic bond P-0(5) (1. 57X). This 
is taken as an indication of stronger back-donation of electron 
density from the equatorial ligands to empty d orbitals of phosphorus, 
via Rff  - .d-TT bonding. Hence shortening of these bonds occurs. 
The longer axial bond P-0(1), compared to the shorter axial bond 
P-0(3), is explained in terms of competition between d orbitals 
on phosphorus and the T1- cloud of the phenanthraquinone system 
for back-bonding from a 2  orbital on oxygen 0(1). 
These deductions have been confirmed by quantum mechanical 
calculations. 
83 
 Thus in general a reduction in the polarity dif-
ference between phosphorus and its ligands is achieved by back-
donation of electron density from the ligands via full 2 	orbitals 
into empty d orbitals of phosphorus. The most electronegative 
ligands will tend to occupy axial positions where they can carry more 
electronic charge because of the smaller back-donation from these 
positions. 
The size of a ligand is also important in determining its 
position since axial positions are more crowded, having three other 
ligands at angles of only 90 ° , than equatorial positions, with only 
two ligands at angles of 
900 
 and another two sterically less important 
ligands at angles of 120 ° . Thus bulky ligands will tend to occupy 
equatorial positions. 
Therefore three factors govern the positional preference 
or 'apicophilicity' of a ligand, (i) the pre sence of rings which can 
span only certain positions, (ii) the electronegativity of the ligand, 
(iii) the size of the ligand. Ligand apicophilicity has an important 
effect on the activation energies for permutational isomerisation 
53 
allowing the trigonal bipyrarnid to be 'frozen' in some cases only. 
Thus Ramirez 
104 
 studied the variable-temperature p. m. r. 
spectrum of the 1, 3, 2-dioxaphospholene (128) (Scheme 63) and 
found that there was one phosphorus-split doublet for the two 
methoxy-groups and one signal for the two methyl groups in the 
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This shows that permutational isomerisation has a low 
activation energy and that interchange of the methoxy-groups 
between axial and equatorial positions and interchange of the methyl 
groups between quasi-axial and quasi-equatorial positions is fast 
on the n. m. r. time scale. This could be achieved by either a TR 
or (TR) 2 process using the five-membered ring as the pair and 
neither of these processes would form a trigonal bipyramid with 
the phenyl group, the most electropositive ligand present in an 
axial position (130). A B.P.R. mechanism using the phenyl group 
as the pivot can also be used to explain the results. 
However the variable-temperature p. m. r. spectra of the 
1, 2-oxaphospholene (131) (Scheme 64) did show changes. 
105 
 At 
_280 two methoxy-signals in the ratio 2:1 were observed showing 
that the trigonal bipyramid was 'frozen'. Above 57 ° only one 
methoxy-signal was seen. A series of (TR) 2 processes with the 
five-membered ring as the pair would explain the result without 
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Here a B. P. R. mechanism with the most electropositive 
ligand, the endocyclic carbon atom, as the pivot cannot be used 
without forming an unfavourable structure with a diequatorial five-
membered ring (132). Using one of the two equatorial methoxy-
groups as the pivot also leads to an unfavourable structure with 
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The arrangement (133) is in fact the one which would be 
formed by a single turnstile rotation and this shows the usefulness 
of the double turnstile rotation process. This example also indicates 
the different consequences of the two mechanisms of permutational 
isomerisation. The observed energy barrier according to B. P. R. 
is due to the formation of unfavourable intermediate trigonal bi-
pyramids, (132) and (133). According to TR the energy barrier is 
due to the bond angle and bond length deformations necessary for the 
internal rotation of the ligand pair versus the ligand trio and Un-
favourable trigonal bipyramids are not formed. 
55 
Ramirez and his co-workers 
106 
 prepared an interesting 
oxaphospholene (134), the '9F n. m. r. spectrum of which could 
only be explained in terms of a TR process. 
F3C çCF3 
- 
2 ij (134) 
The spectrum showed only one fluorine resonance down to 
-50° indicating a fast permutational isomerisation to make the 
quasi-axial and quasi-equatorial trifluoromethyl groups equivalent. 
The B. P. R. mechanism cannot explain this. The equatorial oxygen 
atom of the five-membered ring cannot be the pivot 
because this would place one ring of the adamantenoid phosphite in 
a diaxial position. Neither of the two equatorial oxygens of the 
adamantenoid phosphite can act as the pivot because of the three 
carbon chain link between the adamantenoid phosphite oxygen atoms 
which prevents the necessary ligand motions. 
C The Reactions of Pentacoordinate Oxyphosphoranes 
When a pentacoordinate phosphorus atom is changed into a 
tetracoordinate phosphorus atom an axial bond of the trigonal bi-
pyramidal phosphorane breaks. This is the reverse of the preferred 
entrance of a fifth ligand at one of the tetrahedral faces of a tetraco-
ordinate phosphorus atom which places the new ligand in an axial 
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If bonds in an equatorial position of a trigonal bipyramidal 
phosphorane are broken a hexacoordinate phosphorus transition 
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The 1, 3, 2-dioxaphospholenes and 1, 3, 2-dioxaphospholanes, 
prepared by Ramirez and his co-workers, form the greater part of 
all known oxyphosphoranes and their reactions have been extensively 
studied. 
84 
 Almost all oxyphosphoranes are sensitive to moisture 
via nucleophilic attack on phosphorus but the oxygen or carbon atoms 
of the 1, 3, 2-dioxaphospholene five-membered ring can themselves 
act as nucleophiles. 
(a) 1, 3, 2-Dioxaphospholenes react with hydrogen chloride 
84
to give 
the phosphate esters of a-hydroxyaldehydes or a-hydroxyketones as 
the major product (135) (Scheme 67). a-Chloroaldehydes or a-
chioroketones (136) are also produced in some cases. The proton 
of the hydrogen chloride adds to the basic axial endocyclic oxygen 
atom. Subsequent breakage of the axial endocrclic P-O bond gives 
a tetraoxyphosphoniurn chloride (137) which reacts to give either the 
phosphate (135) or the ketone (136) (Scheme 67). 
Thus Ramirez and his co-workers 
107
treated 2, 2-dihydro-
2, 2, 2-trimethoxy-1, 3, 2-dioxaphospholene (138) in benzene with 
anhydrous hydrogen chloride and obtained the 2-oxoethyl phosphate 
(139) in 75% yield (Scheme 68). 
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(b) Dioxaphospholenes react with halogens 
108
under very mild 
conditions to give products derived from a tetraalkoxyphosphoni um. 
halide (Scheme 69). 
58 
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+ O=P(OMe)3 +MeBr 	Scheme 69 
The mechanism proposed by Ramirez 84 showed initial 
addition of a bromonium cation to the quasi-equatorial carbon of 
the double bond to give a carboniurn ion (140) adjacent to the more 
basic axial oxygen atom. Bond rupture followed by nucleophilic 
attack by bromide ion gives the phosphate of an a-bromo- a-hydroxy-
ketone (141) or an a, a-dibromoketone (142) depending on the nature 
of the ligands and R' and R". 
(c) The most important reactions of 1, 3, Z-dioxaphospholenes are 
- those with a variety of carbonyl compounds to give 1, 3, 2-dioxaphos-
pholanes. Thus the 1:1 adduct (143) from biacetyl and trimethyl 
phosphite, 85 reacted with a further equivalent of biacetyl to give a 
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Other examples showing some of the characteristic features 



























Thus the 1:1 adduct (145) gave 1, 2-addition by the ring 
carbon atom of the adduct to the carbonyl function of acrolein forming 
109 
the dioxaphospholane (146) 	and not 1,4-addition. The ring 
carbon atom of the adduct (145) added preferentially to a benzoyl 
rather than an acetyl group to give the dioxaphospholane (147). 110 
The adduct (145) preferred to react with a carbonyl function rather 
than an alkyl halide. Thus a-bromoketone could be used to form 
dioxaphospholanes (148). 84 
The mechanism (Scheme 72) proposed 
84
to explain these 
observations requires coordination of the carbonyl-oxygen atom to 
Lr 
phosphorus to form an octahedral complex (149), which may be 
either a transition state or an intermediate, followed by rupture of 
an endocyclic P-O bond to give a dipolar intermediate (150) which 
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The formation of a hexacoordinate transition state or 
intermediate is in accord with the mechanism of nucleophilic 
substitution at the phosphorus atom of trigonal bipyramidal 1, 3, 2- 
-- dioxaphospholenes and 1, 3, 2-dioxaphospholanes. 
75,98 
 This 
mechanism is also consistent with the reaction of the dioxaphos-
pholene with the carbonyl rather than the olefin of a, n-unsaturated 
aldehydes. The lack of reaction with alkyl halides also becomes 
reasonable as this would require bond breakage in the dioxa-
phospholene to form a zwitterionic species which will only occur 
at high temperatures. 
This two step mechanism is in contrast to the concerted 
mechanism (Scheme 73) proposed earlier, 
ill 
 whichhas not yet 
been completely excluded. 
61 
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This reaction has been developed as a method of synthesising 
nitrogen- and oxygen- containing five-membered ring heterocycles. 
Isocyanates react with dioxaphospholefleS to give dioxaphos-
pholanes with an exocyclic irnino-group. 112, 113 Usually the imino-
phospholanes react with an excess of the isocyanate to form more 
stable products. The 1:1 adduct (151) from biacetyl and trimethyl 
phosphite reacted 112 with two equivalents of phenylisocyanate via 
an isolable dioxaphospholafle (152) to give a hydantoin derivative 
(153) (Scheme 74). 
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The same adduct (151) reacted 
114 with one equivalent of 
benzoylisocYaflate to give an oxazoline (155) via the iminophosphOlafle 
(154) (Scheme 75). 
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(d) 1, 3, 2-Dioxaphospholenes can react in several ways with acyl 
halides giving products derived from acylation at the endocyclic or 
exocyclic oxygen atoms or the dioxaphospholene carbon atom (Scheme 
76). 
Acylation at the endocyclic oxygen atom, 
107 
 followed by 
rupture of the axial bond gives a tetraoxyphosphonium halide which 
reacts to form the phosphate ester (156). This type of acylation 
usually occurs when there are no substituents on the carbon atoms 
of the dioxaphospholene ring. 
When such substituents are present reaction with acyl 
halides can result in acylation at the dioxaphospholene carbon atom 115 
to give a phosphate (157). 
- 	 84 
Acylation at an exocyclic oxygen atom leads to the methyl 
ester of the acylating agent and a cyclic phosphate ester (158). 
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 to be analogous to the one suggested for reaction of 
dioxaphospholenes with carbonyl compounds. The dioxaphospholane 
(159) formed is unstable owing to the ease of chloride ion release. 
An interesting further reaction was noted when phosgene was 
used as the acylating agent. Thermolysis 
116
of the product (160) 
of acylation at the carbon atom of the dioxaphospholene gave a 
64 
cyclic acyl phosphate (161) which has since proved to be 117 a very 
powerful and selective phosphorylating agent towards alcohols and 
phenols (Scheme 77). 
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(e) Substitutions of dioxaphospholenes by alcohols proceed via 
hexacoordinate transition states or intermediates and the ring is 
usually retained especially when the reaction is carried out in 
solvents of low dielectric constant 84,97, 98 (Scheme 78). 
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Two step substitutions by glycols proceed very easily 
because of the lessening of intramolecular crowding around the 
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If the reaction conditions are forced, breakdown of the 
dioxaphospholene ring can occur. Similarly the alcoholysis of 
dioxaphospholanes usually occurs with rupture of the ring. Thus 
thermolysis of the dioxaphospholane (162) in methanol 
84 
 gave an 
epoxide via an ionisation mechanism (Scheme 80). 
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(162) OR 	 Scheme 80 
However thermolysis of the dioxaphospholane (163) in 
methanol gave a f3-diketone via  1, 2-shift of the acyl substituent. 119 
(Scheme 81). 
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These alcoholyses can therefore give a variety of products 
depending both on the substituents present and the bond of the 









(f) The hydrolyses of dioxaphospholenes are mechanistically 
similar to their reactions with alcohols, 84 although the hydrolyses 
are much more vigorous. Generally 1 equivalent of water is added 
to the dioxaphospholene in benzene at 200  and hydrolysis is very 
fast. At this temperature substitution at the phosphorus atom 
usually occurs and the dioxaphospholene ring is retained. The 
resulting hydroxyphosphorane (164) (Scheme 82) can give a cyclic 
phosphate (165) 120,121via axial departure of an alkoxide group and 
it can also give an acyclic phosphate (166) via axial rupture of the 
ring. However at higher temperatures an acyclic hydroxyphosphorane 
(167) is formed which decomposes to an a-hydroxyketone (168) and a 
trialkyl phosphate. 
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The mecha nism has been supported by Westheirner and his 
co-worker 
122  who followed the kinetics of the neutral and basic 
hydrolysis of pentaaryloxyphosphoranes and found a large steric 
effect on the introduction of substituents in the ortho-positions of 
R_0 w 
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the aryl rings. The acidic hydrolysis did not show this steric 
hindrance. Thus reaction via  hexacoordinate intermediate or 
transition state was suggested for neutral and basic hydrolyses, 
while reaction occurred via bond rupture in acidic solution. 
The hydrolyses of dioxaphospholanes proceed via similar 









Glycol phosphates (169) are readily obtained on hydrolysis 
of the 2:1 adduct from benzaldehyde and trimethyl phosphite. 123 
The rneso-dduct from biacetyl and trimcthyl phosphite 85 
reacted with one equivalent of water at 200  in ether to give a cyclic 
phosphate triester (170) which could be isolated and hydrolysed 124 




all of these phosphates were hydrolysed with the 
complete removal of the phosphorus part to form glycols (172). 
Ozone reacts readily with dioxaphospholenes by two different 
mechanisms depending on the substituents present. The dioxaphos-
pholenes obtained from o-quinones react by ozonolysis 127 to produce 
cyclic diacyl peroxides (173) (Scheme 84). 
nb 
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Scheme 	84 (173) 
The alternative pathway is simply oxidation of the dioxa-
phospholene to the original a-dicarbonyl compound and a trialkyl 
phosphate. 
Dioxaphospholenes are also destroyed in a slow reaction 
with oxygen, 
127 
 but they can be stored under nitrogen for reasonable 
periods. 
As has been mentioned above the high temperature methanolysis 
reactions of some dioxaphospholanes are really thermolyses with 
rupture of an axial endocyclic P-O bond giving formation of 
trialkyl phosphates and epoxides depending on the substituents 
present. Epoxides have also been produced by Denney and Jones 93 




studied the photolysis of the 1:1 adduct from 
biacetyl and trimethyl phosphite in various solvents and found that 
both trirnethyl phosphate and trimethyl phosphite were eliminated 
in some cases. 
Various 1, 2, 5-oxazaphospholines have been thermally 
decomposed under high vacuum and three different product types 
131 130, 	 . 	. 




















In two of these cases the P-O bond remains intact and 
triphenyiphosphine oxide is eliminated. 
Huisgen and his co-worker 132 thermolysed oxaphospholanes 
under vacuum and obtained products derived from P-O bond 
cleavage (Scheme 86). 
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Schmidpeter and Zeiss 95 thermolys ed an oxazaphospholidine 
and found either an aziridine or an imine depending on the 
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Scheme 87 
Burger and his co-workers 
133,134,135
thermolysed and 
photolysed a series of 1, 3, 5-oxazaphospholines (176) in aromatic 
solvents and found elimination of trialkyl phosphate yielding nitrile 










Thus the P-O axial endocyclic bond is only broken in some 
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Symbols and Abbreviations 
i. r. 	infrared 
v 	wavenumber 
w 	 weak 
p. m. r. proton magnetic resonance 
1 tau chemical shift scale for p. m. r. 
31 P 
phosphorus (atomic weight 31) magnetic resonance 
cI chemical shift scale in parts per million for 31 P 
S singlet 





J coupling constant 
P parent ion in a mass spectrum 
m/e mass to charge ratio in a mass spectrum 
* 
M position of a metastable peak 
g. 1. C. gas liquid chromatography 
t. 1. C. thin layer chromatography 
M. P. melting point 
b. p. boiling point 
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1. Instrumentation 
Infrared spectra were obtained from a Perkin-Elmer 337 
Spectrophotometer and a Perkin-Elmer 157G Spectrophotometer. 
Unless otherwise noted spectra of solutions in chloroform were 
recorded using matched cells (path length 0. 1 mm) with sodium 
chloride windows. Polystyrene was used to give a reference 
peak at 1603 cm 1 
	
In each case the major peaks are given and 
assigned if possible. Weak peaks, if characteristic of a particular 
grouping, are also given. 
Proton magnetic resonance spectra were obtained from (1) 
a Varian HA-lOO instrument operating at 100 MHz, (ii) a Perkin-
Elmer Model RiO instrument operating at 60 MHz, and (iii) a 
Varian EM360 instrument operating at 60 MHz. Chemical shift 
values were recorded on the T scale relative to tetramethylsilane 
as internal standard, at T0. Unless otherwise noted the solvent 
used was deuteriochioroform. 
Phosphorus ( 31 P) magnetic resonance spectra were obtained 
from both the Varian HA-100 instrument and a Varian XL100 
Spectrophotometer. Chemical shift values in p. p. m. on the Cr 
scale were measured against phosphoric acid (85%) as external 
standard. Upfield shifts are given positive Cr values and down-
field shifts are given negative ci values. The spectra obtained 
from the Varian XL100 instrument were proton noise-decoupled. 
In all these cases the solvent used was deuteriochioroform. When 
mixtures of compounds were obtained the chemical shift value of 
each peak is given and the percentage peak height is given in 
brackets. 
Mass spectra and exact masses were obtained from an A. E. I. 
M. S. 902 Spectrometer. In each case the parent ion is given, 
followed by the percentage peak height in brackets. The major 
fragmentation peaks and their relative abundances are also given 
along with any relevant metastable peaks. An A. E. I. , M. S. 20 
Spectrometer, coupled to a Pye 104 Gas Chromatograph, helium 
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being the carrier gas, was used for the technique of g. 1. c. /mass 
spectrometry. 
Microanalyses were carried out on a Perkin-Elmer Elemental 
Analyser 240 by Mr. J. Grunbaum, University of Edinburgh. 
Analyses were also obtained from the National Physical Laboratory, 
T eddington. 
Melting points of new compounds were obtained from a Kofler 
hot stage microscope. Normally a Gallenkamp melting point 
apparatus was used. 
Alumina (Laporte Industries, Type H, 100-200 mesh) was 
used for column chromatography and dry column chromatography. 
The following instruments were used for gas liquid chromato-
graphy, (i) a Varian Associates 1520B Gas Chromatograph fitted 
with a flame ionisation detector (F. I. D. ) and (ii) a Pye 104 Gas 
Chromatograph fitted with a F. I. D. The columns found to be 
most useful were, (i) a 5 feet by 1/8 inch, 2% neopentyl glycol 
succinate column, and (ii) a 5 feet by 1/8 inch, 10% silicone oil 
column. 
For thin layer chromatography, glass plates covered by 
0. 3 mm layers of alumina (Merck, Aluminium oxide G, type E), 
with added fluorescent indicator (M. Woelm, Eschwege, Germany), 
were used. 
2. Preparation of Materials 
(a) General Materials 
Solvents. 	Light petroleum (petrol, b. p.  40-600 ) was re- 
distilled and dried over sodium wire before use. Ether was dried 
over sodium wire before use, as was benzene. 'Super dry' benzene 
was obtained by boiling dry benzene with calcium hydride. Cumene 
was dried by storage over sodium wire. Decalin was purified by 
distillation from sodium wire in an atmosphere of dry nitrogen (b. P. 
66.680/11 mm) and stored over dry molecular sieve. Commercially 
available samples of other common solvents were used without 
further purification. 
Phosphorus Reagents. Triethyl-, trimethyl- and tn-
isopropyl-phosphites and tri-n-butylphosphine were dried over 
sodium wire before distillation, under a nitrogen atmosphere, 
under reduced pressure. The distilled samples were stored over 
dry molecular sieve. Diethyl methyiphosphonite was supplied by 
the Chemical Defence Establishment, Porton Down, and was used 
without further purification. Dimethyl phenylpho sphonite was 
prepared by reaction of dichlorophenylphosphifle (71. 6 g, 0.4 mol) 
with dry methanol (32 g, 1 mol) in the presence of dry (stored over 
potassium hydroxide) triethylamine (102 g, 1 mol) and ether (450 
ml) as solvent. This gave the product (40 g, 60%), b. p. 88-92 0! 
10 mm (lit., 136 h.p. 101-102 
o
/15 mm). 
was prepared from o-chloro- 
nitrobenzene, sulphur and sodium sulphide, by the method of 
Bogert and Stull, in 47% yield, m. p.  185-190 0  (lit. ,137 192-195°). 
o-Nitrophenylsulphur chloride was prepared by Hubacher's 
method in 93% yield from bis-o-nitrophenyl disulphide, m. p. 
7Ø_750 (lit. 138 
73750 ) 
(b) Aryl 2-Nitrophenyl Ethers 
The method of Wright and Jorgensen 139 was used to prepare 
these compounds and is exemplified as follows: a mixture of 2,6- 
dimethylphenol (22. 0 g, 0. 18 mol), 4-chloro-3-nitrotOlUefle (25. 8 g, 
0. 15 mol), potassium hydroxide pellets (8.4 g, 0. 15 mol) and 
dimethyl sulphde (200 ml) was heated at 90 ° c d 	overnight, under an 
atmosphere of nitrogen. The dark solution was poured onto a 
mixture of ice (100 g) and 2N hydrochloric acid (300 ml) and stirred 
to induce crystallisation. The solid was filtered off, washed with 
cold methanol and recrystallised from methanol to give 2, 6-dimethyl-
penyl 4-methyl- 2-nitrophenyl ether (19.7 g, 51%), m. P. 98-99 ° 
(Found: C, 69.9; H, 5.8; N, 5.2. C 15H16NO3 requires 
C, 70.0; H, 5.8; N, 5.45%). 
The following compounds were made in this way; 2,6- 
dimethylphenyl 2-nitrophenyl ether (50%), m. p. 75-76 
0 
  (lit. ,60 
75-760 ); 2-nitrophenyl 2, 4, 6-trimethyiphenyl ether (50%), m. P. 
74-75° (lit. 60  74-75° ); 2, 6-dimethoxyphenyl 2-nitrophenyl 
ether (52%), m. p. 85-86 0 (lit. 
,60  80-81°); 2-chloro-6-methyl-
phenyl 2-nitrophenyl .ether (11%),  m. p.  87-89° (lit. ,60 89-90°); 




2-Nitrophenyl phenyl ether was prepared as an oil by the 
same method. The bulk of the solvent was decanted from the oil, 
which was extracted into ether and dried over anhydrous magnesium 
sulphate. The oil was reisolated and purified by distillation to 
give the yellow compound (80%), b. p. 119-123 0 /0. 02 mm (lit. P 
36 
b. p. 183-185° /8 mm). 
2-Chioro- 6- methylphenyl 2- nitrophenyl ether was also 
prepared by the method of Henley. 
141  o-Chloronitrobenzene 
(4.7 g, 0. 03 mol), 2-chloro-6-methylphenol (12. 7 g, 0. 053 mol), 
potassium hydroxide pellets (2. 3 g, 0. 04 mol) and water (0. 05 g, 
0 
0. 003 mol) were fused and boiled for 1 h at 210 . The products 
were dissolved in chloroform and dried over anhydrous magnesium 
sulphate. Removal of the solvent gave an oil which was chromato-
graphed on alumina. Elution with petrol:ether (2:1) gave a yellow 
solid identified as the ether (5. 4 g, 68%), m. p. (from methanol) 
87° . 
(c) Aryl 2-Nitrophenyl Sulphides 
- 	2,4, 6-Trimethylphenylthiol (5. 5 g, 0.036 mol), o-chloro- 
nitrobenzene (5. 7 g, 0. 036 mol) and ethanol (20 ml) were mixed. 
Sodium hydroxide (1.45 g, 0. 036 mol) in water (2 ml) was slowly 
added and the reaction mixture was boiled under reflux for 1 h. 
After being cooled overnight the yellow crystals formed were 
filtered off, washed with hot water, and dried to give 2-nitrophenyl 




Thanks are due to Dr. S.Kulik who prepared, by the same 
method, the following sulphides; 2, 6-dimethylphenyl 2-nitrophenyl 
sulphide, 2-nitrophenyl 2-pyridyl sulphide, and 2-nitrophenyl 
2-pyrimidyl sulphide. 
4-Hydroxy-2, 6-dimethyiphenyl 2-nitrophenyl sulphide and 
2- Hydroxy-4, 6-dim ethylphenyl 2- nitrophenyl sulphide. These 
isomers were prepared by the method of Smiles and Learmouth. 143 
o- Nitro phenyls ulphur chloride (62 g. 0. 32 mol) in chloroform (200 
ml) was slowly added to 3,5-dimethyiphenol (39 g, 0. 32 mol) in 
chloroform (200 ml), the temperature being kept at approximately 
580. After stirring for 10 h, the solvent was removed to leave 
a mixture of the sulphides (90 g). Separation of the isomers was 
achieved by eluting batches (12 g) of the mixture down a dry 
alumina column (20 inches by 2 inches, activity III) with chloroform. 
The faster running isomer was 2-hydroxy-4, 6-dimethyiphenyl 2-nitro-
phenyl sulphide _ (31 g, 36%), m.  p.  142-143
0 
 (Found: C, 61. 0; 
H, 4.7; N, 5. 0. 	C 14 H 13NO 3 S requires C, 61. 1; H, 4. 7; N, 
5.1%). The slower moving isomer was 4-hydrox-2, 6-dimethyl-
phenyl 2-nitrophenyl sulphide (21 g, 24%), m. p.  154-156° (lit. ,143 
154° ). 
(d) 2-Aminophenyl Aryl Sulphides and Aryl 2-Azidophenyl 
Suiphides. 
2-Aminophenvl 2-hydroxy-4, 6-dimethylphenyl sulphide was 
prepared by the reduction of the corresponding nitro-isomer using 
the following method. Hydrochloric acid (conc. , 1 g) was added 
dropwise to a mixture of the nitro-compound (13 g, 0. 047 mol) and 
iron filings (10. 5 g, 0. 189 mol) in ethanol (20 ml) and water (20 ml). 
The reaction mixture was stirred vigorously, using a mechanical 
stirrer, and heated to reflux under an atmosphere of nitrogen for 
15 h. The product was leached through celite with hot ethanol. 
Removal of the solvent left a brown solid which was recrystallised 
from chloroform to give a grey solid, identified as the amine 
(7.93 g, 68 0/'o), rn. p. 144-1450 (Found: C, 68.6; H, 6.4; N, 
5.6. C 14 H 15NOS requires C, 68.6; H, 6. 1; N, 5.7%). 
A similar reaction of the other nitro-isomer gave 2-amino-
phenyl 4-hydroxy-2, 6-dimethylphenyl sulphide (10. 6 g, 91%), rn. p. 
81 
(sublimed) 124-126°  (Found: C, 68.4; H, 6.1; N, 5.65%). 
2.-Azidophenyl 2-hydroxy-4, 6 -dime thyiphenyl sulphide 
was prepared from the amine using the method of Smith 43 and 
his co-workers. The amine (8 g 0. 034 mol) was added to a 
mixture of water (8. 5 ml) and hydrochloric acid (conc. , 8. 5 ml) 
but it did not dissolve very readily on heating. Thus water (15 
ml) and sulphuric acid (conc., 5 ml) were added. The grey 
slurry was cooled to 00  and, while stirring mechanically, an 
aqueous solution of sodium nitrite (2. 76 g, 0. 04 mol in 6 ml water) 
was added dropwise, the temperature being kept at 0-3 ° . After 
being kept in the fridge overnight, the solid was isolated and 
dried under vacuum, over phosphorus pentoxide. This left the 
azide (7. 6 g, 82%) as a dark brown solid. A sample was re-
crystallised from a petrol/ether mixture (70% recovery), m. p. 
96-97°  (Found: C, 62.1; H, 4.85; N, 16.0. C 14 H 13N 3 0S 
requires C, 62.0; H, 4.8; N, 15, 5%). 
The same reaction of the other amine-isomer, which 
dissolved readily in the original acid/water mixture gave 2-azido-
phenyl 4-hydroxy-2, 6-dimethyiphenyl sulphide (7. 3 g, 8 0%). 
Elution of a sample from an alumina column with ether gave an 
analytical sample, m. p.  136 
0 (Found: C, 62. 0; H, 5. 0; N, 
15.1%) 
3. 	Preparation of Pentacoordinate Phosphoranes: Deoxygena- 
tion of Aryl 2-Nitrophenyl Ethers 
General Method. A solution of the nitro-compound (0. 01 
mol) and tervalent phosphorus reagent (0. 04 mol) in cumene (80 
ml), in dry apparatus, was boiled under reflux, under a dry 
nitrogen atmosphere, with stirring, for approximately 65 h. The 
lower boiling fractions i. e. cumene and quadrivalent phosphorus 
compound, were, as much as possible, removed by distillation 
using a water pump (160 (bath)/ll mm). The residue was 
82 
transferred, in a dry nitrogen glove-boxy to a pear-shaped BlO 
flask which had a side arm attached. Glass wool was packed into 
the flask and a receiver and thermometer were fitted. The 
receiver had a bent glass tube at the end which was connected to 
the vacuum line from an oil-pump. The receiver was immersed 
in an ice-bath and the product was distilled from a Woods metal-
bath. The resulting oil or solid was further purified if required. 
In all cases the products must be stored under dry conditions, 
water vapour in the air being capable of causing hydrolysis. 
Hydrolysis of Mixtures of Phosphorus Containing Substances. 
When p. m. r. spectral analysis indicated a mixture of substances, 
the mixture was generally hydrolysed to remove phosphorus as 
an acid and to form 2-anilinophef101s. 	This was achieved by 
two methods. 
Method A. The mixture in ethanol : water (80:20, 50 ml), 
containing hydrochloric acid (conc. , 10 drops), was boiled under 
reflux overnight with stirring, under an atmosphere of nitrogen. 
The product was extracted into ether or chloroform. The solution 
was dried over anhydrous magnesium sulphate and the solvent was 
removed to give an oily sample of the 2_anilinophenol. 
Method B. The aqueous ethanolic solution, after overnight 
boiling, was dried over anhydrous magnesium sulphate and the 
solvent was removed. The oil obtained was chromatographed on 
alumina (activity I, 2 x 45 cm) and the 2_afliliflOPheflol 	was 
usually eluted with an ethyl acetate :methanol solvent mixture. 
(a) Reaction of 2, 6-Dimethyiphenyl 2-Nitrophenyl Ether, 
(i) with triethyl phosphite: After reaction for 66 h, high vacuum 
distillation gave the following fractions: (1) a colourless oil (b. p. 
36° /0. 05 mm) identified by its i. r. spectrum as triethyl phosphate; 
(2) a yellow oil (b. p.= 80 0 /0-02 mm) which solidified on cooling 
and was identified as J2, 6-dimethylphnyl)-2. 2. 2- tri ethoxv- 2. 2-
dihydrobenz-1, 3, 2-oxazaphospholine (3. 1 g, 82%). 	1. r. 10 1305 
(ArN), 1270 (ArO), 1160 (w, POEt), 1065 (GO), 980 (POEt), 
925 cm ' . P.rn.r. : 9.0 (d of Vs, 9H, 3POEt, 	HH 7Hz,PH 
1.61-1z),7. 88 (s, 6H, ZArMe), 6. 10 (d of q's, 6H, 3POEt, JHH 
7Hz, JpH 8.8Hz), 4. 14 (m, lH, aromatic), 3. 1-3.6 (m, 3H, 
31 aromatic), 2. 98 (s, 3H, aromatic). 	P: +60. Mass: P rn/e 
377 (90), 349 (9, m 323 (377-349)), 332 (22), 321 (1, m 295 
(349-321)), 194 (100, m* 101 (377-194)). Exact Masses: Found: 
377. 174496. C 20 H 28N04P requires 377. 175585. Found: 
194. 097130. G 14 H 12N requires 194. 096970. A sample for 
analysis, m. p. 36-38° , was prepared by eluting the phosphorane 
from an alumina column with petrol (Found: C, 63. 55; H, 7. 6; 
N, 4.0. C 20H 28N04P requires C, 63.7; H, 7.4; N, 3.7%). 
The residue from the distillation was hydrolysed by method 
A. This gave 	2-(2, 6_dimethylanilino)phenol 	(0. 23 g, 
11%) identified by comparison of its i. r. spectrum with that of 
an authentic sample (see miscellaneous reactions, section 6) 
(accountancy: 93%). 
The product of a replicate experiment was worked up by a 
different method: after low vacuum distillation the residual dark 
brown oil was chromatographed on alumina (activity I, 2 x 45 cm). 
Elution with petrol: ether (100:1) gave a colourless solid which was 
° identified as the phosphorane (1. 31 g, 35%), m. p. 35-37, i. r. 
and p. m. r. spectra as expected. 
Elution with petrol : ether (100:4) gave a colourless oil which 
solidified on cooling and was identified as 2-ethoxy-2', 6'-dimethyl-
4p!1enylamine (0. 16 g, 6%). 	
1. r. (nujol): 1) 3380 (NH), 1250 
(ArN), 1220 (ArO), 1120 (CO), 1050 (GO) cm . P.m. r. : 8. 55 
(t, 3H, OEt, J HH 
 7Hz), 7. 82 (s, 6H, 2ArMe), 5. 85 (q, 2H, OE t, 
HH 7Hz), 4. 3 (bs, 1H, NH), 3. 9 (m, 1H, aromatic), 3. 1 -3. 3 
(m, 3H, aromatic), 2.95 (s, 3H, aromatic). Mass: P m/e 241 
(100), 212 (64), 197 (85). 	M. p. loo-101 
0  (Found: C, 80.1; 
H, 8. 2; N, 6. 1. 	C 16 H 19N0 requires C, 79.7; H, 7.9; N, 5.8%). 
Elution with petrol : ether (100:7) gave unchanged starting 
material (0. 03 g, 2%) identified by its i. r. spectrum. 
Elution with petrol : ether (100:50) gave a faint yellow oil 
which solidified on cooling. Sublimation gave a white solid 
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identified as 5, 11 -dihydro-4 -methyldibenz[b,][1, 4]oxazepine 
(crude, 0.03 g, 3 %), m. p. 114-115° (lit. 120-121 0), i. r. 
and p. m. r. spectra as expected. 
Elution with ether :methanol (100:10) gave a brown solid 
identified as 	2-(2, 6-dimethylanilino)phenol (0. 12 g, 6%) 
by comparison of its i. r. and p. m. r. spectra with those of an 
authentic sample (accountancy: 52%). 
(ii) With trimethyl phosphite. After reaction for 66 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid identified by its i. r. spectrum as trimethyl phosphate; 
(2) a pale yellow solid which was identified as 3-(2, 6-dimethyl-
phenyl)- 2, 2- dihydro -2, 2, 2-trimethoxybenz - 1, 3, 2-oxazaphos - 
pholine (2.06 g. 62%), m. p. (from petrol) 129_1300  (Found: 
C, 60.8; H, 6. 5; N, 4.4. C 17 H 22N04P requires C, 60.9; 
H, 6.6; N, 4.2%). 	1. r. : V 1300 (ArN), 1265 (ArO), 1180 
(w, POMe), 1075 (CO), 970 cm ' . P.m. r. : 7.85 (s, 6H, 
2ArMe), 6.44 (d, 9H, 3POMe, J
PH 
 13Hz), 4. 15 (m, 1H, 
aromatic), 3. 0-3. 5 (m, 3H, aromatic), 2.88 (s, 3H, aromatic). 
31 	 * 
P: +57. Mass: P m/e 335 (100), 304 (60, m 276 (335-304)). 
194 (100, m 112.5 (335-194)). 
The residue from the distillation was hydrolysed by rrethod 
B. Elution with petrol: ether (100:50) gave a light brown oil 
identified as 2-methoxy-2', 6-dimethyldiphenylamine (0.08 g. 3 %). 
I. r. :1) 3370 (NH), 1290 (ArN), 1240 (ArO), iiio (CO), 1030 
(GO), cm ' . P.m. r. : 7.8 (s, 6H, 2ArMe), 6. 04 (s, 3H, OMe), 
4.3 (b s, 1H, NH), 3.8 (m, 1H, aromatic), 3.0-3.4 (m, 3H, 
aromatic), 2.9 (s, 3H, aromatic). Mass: P m/e 227 (100), 
212 (20), 197 (43). 	Exact Mass: Found: 227. 130116. 
C 15 H 17N0 requires 227. 131007. On cooling the oil solidified, 
m. p. 82-84° . 
Elution with ether :methanol (100:10) gave 	2-(2, 6-dimethyl- 
anilino ) phenol 	(0. 39 g, 18%) identified by comparison of its 
i. r. and p. m. r. spectra with those of an authentic sample (accoun-
tancy: 83%). 
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(iii) With tri-isopropyl phosphite. After reaction for 70 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid (b. p.  500 /0. 03 mm) identified by its i. r. spectrum as tn-
isopropyl phosphate; (2) a faint yellow oil (b. p. 900/0. 02 mm) 
which solidified on cooling and was identified as 3-(2, 6-dimethyl-
2henyl)-2, 2-dihydro-2, 2, 2-tri-isopropoxybenz-1, 3, 2-oxaza-
pospholine (2.67 g, 6 4 %). 	1. r. (oil): 1) 1290 (ArN), 1255 
(ArO), 1170 (w, POCH), 1010 (CO), 960, 930, 740 (P0) cm ' . 
P.m. r. : 8.92(d, 18H, 3POPr ',i 	 7Hz), 7.88(s, 6H, 2ArMe),HH 
5. 2-5. 7 (m, 3H, 3POPr '), 4. 1 (m, 1H, aromatic), 3. 1-3. 5 
(m, 3H, aromatic), 2.95(s, 3H, aromatic). 31 P: +62. Mass: 
P rn/c 419 (50), 377(63, rn 340(419-377)), 335(2, m 298 
* 
(377-335)), 293 (97, m * 256 (335-293)), 255 (75), 213 (100, 
178 (255-213)), 194 (65). A sample, m.p. 51-53 0 , was eluted 
from a short alumina column (Found: C, 66. 1; H, 8. 3; N, 3. 75. 
G 23H34N04P requires C, 65.9; H, 8. 1; N, 3.3%). 
The residue from the distillation was hydrolysed by method 
A. This gave a green solid identified as 	2-(2, 6-dimethyl- 
anilino)phenol(0. 71 g, 3 3%) by its i. r. spectrum (accountancy: 97%). 
(iv) With diethyl methyiphosphonite. After reaction for 66 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid (b. p. 40° /U. 04 mm) identified by its i. r. spectrum as 
diethyl methylphosphonate (2) a colourless oil (b. p.  1000 /0. 05 mm) 
which solidified on cooling and was identified as 3-(2, 6-dimethyl-
phenyl)- 2, 2- diethoxy- 2, 2- dihydro - 2- methylbenz- 1, 3, 2-oxazapho s-
pholine (3. 32 g, 95%), m. p. 42-44 
0 
  (Found: C, 65.6; H, 7. 5; 
N, 4.1. C 19 H 26NO3P requires C, 65.7; H, 7.5; N, 4.0%). 
I. r. :V 1300 (PMe and ArN), 1265 (ArO), 1160 (w, POEt), 1070 
(CO), 975 (POEt and P0) cm ' . P. rn. r. : 9.08 (bt, 6H, 2POEt, 
HH 7Hz), 8.15 (d, 3H, PMe, JPH 17Hz), 7. 85 (s, 6H, 2ArMe), 
6. 26 (b quirtet, 4H, ZPOEt), 4. 17 (rn, 1H, aromatic), 3. 2-3.6 
(m, 3H, aromatic), 2.92 (s, 3H, aromatic). 31 P: +37. Mass: 
P m/e 347 (45), 319 (3, m 293 (347-319)), 302 (22), 273 (30, 
m 249 (302-273)), 194 (100, m*  110 (347-194)). (Accountancy: 95%). 
(b) Reaction of 2, 6-Dimethylphenyl 4-Methyl- 2-nitro-
phenyl Ether. 
(i) With triethyl phosphite. After reaction for 60 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
which was identified by its i. r. spectrum as triethyl phosphate; 
(2) a yellow viscous oil (b. p.  1050 /0. 05 mm) which solidified on 
cooling and was identified as 3-(2, 6- dimethylphenyl)- 2, 2, 2-
triethoxy-2, 2-dihydro-5-methylbenz-1, 3, 2-oxazaphospholine 
(3.42 g, 87 %), m. p. 51-53° (Found: C, 64.8; H, 7.7; N, 3.7. 
C 21 H30N04P requires C, 64.45; H, 7.7; N, 3.6%). I. r. 
(oil): 1) 1300 (ArN), 1265 (ArO), 1160 (w, POEt), 1065 (CO), 
980and960 (PQEtandPO), 740(PO)cm- 1. P.m.r.: 9.00 
(d of t's, 9H, 3POEt, J HH 7Hz, J PH 
 1.5Hz), 7 92 (s, 3H, 
ArMe), 7. 86 (s, 6H, 2ArMe), 6. 08 (d of q's, 6H, 3POEt, 
7Hz, J PH 8. 5Hz), 4. 28 (bs, 1H, aromatic), 3. 25-3.65 (m, 2H, 
aromatic), 2.98 (s, 3H, aromatic). 31P: +60. Mass: P m/e 
391 (100), 363 (10, m 	337 (391-363)), 346 (24), 335 (1, 
309 (363-335)), 208 (100), (accountancy: 87%). 
(c) Reaction of 2-Nitrophenyl 2, 4, 6-Trimethy1penyl Ether 
(i) With triethyl phosphite. After reaction for 66 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
(b. p. 360 /0. 05 mm) identified by its i. r. spectrum as triethyl 
- phosphate; (2) a yellow oil (b. p. 1000/0. 04 miri) which solidified 
on cooling and was identified as 2, 2, 2-triethoy-2, 2-dihydro-3- 
(2,4, 6 -trim ethylphenyl)beflz-1, 3, 2-oxazaphospioline (3.31 g, 85%). 
1. r. -) 1280 (ArN), 1265 (ArO), 1160 (w, POEt), 1060 (CO), 
975 (POEt) cm ' . P.m. r.: 8.98 (d of t? s , 9H, 3POEt, JHH 7Hz, 
i PH 1. 5Hz), 7. 92 (s, 6H, 2ArMe), 7.70 (s, 3H, ArMe), 6. 10 
(d of q's, 6H, 3POEt, J 	 7Hz, J pH 
 8. 5Hz), 4. 13 (m, 1H, aromatic),
HH 
3. 2-3.6 (m, 3H, aromatic), 3. 14 (s, 2H, aromatic). 	P: 160. 
Mass: P rn/c 391 (100), 363 (15, m 337 (391-363)), 346 (23), 
335 (2, m 309 (363-335)), 317 (7), 290 (7), 208 (75). A sample 
for analysis, m. p. 34370, was prepared by eluting the phosphorane 
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from an alumina column (Found: C, 64. 5; H, 7. 6; N, 4. 0. 
C 21 H30N04P requires C, 64.45; H, 7.7; N, 3.6%) (accounting: 
85%). 
(ii) With trimethyl phosphite. After reaction for 57. 5 h high 
vacuum distillation gave the following fractions: (1) a pale yellow 
solid identified as 2, 2-dihydro-2, 2, 2_trimethoxy-3-(2,4,6-tri-
rnethylphenyl)benz-1, 3, 2-oxazaphospholine (2.53 g, 72%), m. p. 
(sublimed) 79_810 (Found: C, 62.0; H, 7.0; N, 4.1. 
C 18 H 24N04P requires C, 61.9; H, 6.9; N, 4.0%). I. r. : 
1300 (ArN), 1265 (ArO), 1180 (w, POMe), 1070 (CO), 975 cm ' . 
P.m. r. : 7.90 (s, 6H, 2ArMe), 7.72 (s, 3H, ArMe), 6.45 (d, 
9H, 3POMe, J PH 13Hz), 4. 13 (rn, 1H, aromatic), 3.0-3.6 (m, 
5H, aromatic). Mp: 	Mass: P m/e 349 (66), 318 (21, 




The residue from the distillation was hydrolysed by 
method B. Elution with petrol: ether (100:10) gave unchanged 
starting material (0. 02 g, 0. 7%) identified by its i. r. spectrum. 
Elution with ether: methanol (100:10) gave 
trimethylanilino)phenol (0. 37 g, 17. 5%) identified by comparison 
of the i. r. spectrum with that of an authentic sample 144 (accountancy: 
90%). 
(iii) With tri-isopropyl phosphite. After reaction for 66 h low 
vacuum distillation left a dark residue which was chromatographed 
on alumina (activity I, 2 x 45 cm). Elution wih petrol : ether 
(100:5) gave a colourless oil which solidified on cooling and was 
identified as 2, 2-dihydro-2, 2, 2-tri-isopropoxy-3-(2,4, 6-trimethyl-
penyl)benz-1, 3, 2-oxazaphospholine (0. 53 g, 12%), m. p. 62-64° 
(Found: C, 66. 3; H, 8. 3; N, 3. 2. C 24 H36N04P requires C, 
66. 5; H, 8. 3; N, 3. 2 1 6). 	1. r. :) 1305, 1275, 1260 (ArO), 1170 
(w, pOCH) 	1110. 1010 (GO), 950cm
1
. P.m.r.: 8.93 (d, 18H, 
3POPr',i HH 7Hz), 7. 94 (s, ÔH, 2ArMe), 7. 70 (s, 3H, ArMe), 
5.4 (m, 3H, 3POPr '), 4.1 (m, 1H, aromatic), 3.0-3.4 (m, 5H, 
aromatic). 	P: +62. Mass: P m/e 433 (78), 391 (90, m 353 
I 
(433-391)), 349 (22, m * 312 (391-349)), 307 (100, m 
*
270 (349-
307)), 290 (33), 208 (45). 
Elution with petrol : ether (100:5) gave a colourless oil 
identified as 2-isopropoxy- 2, 4 1 , 6'- trim ethyldiphenylarnine  (0. 08 
g, 3 %). 	1. r.: t)3400 (NH), 1320 (ArN), 1240 (CO), 1115 (CO), 
1015 (CO) cm- 1. P.m. r.: 8.62 (d, 6H, OPr',i 
HH 
 7Hz), 7.85 
(s, 6H, 2ArMe), 7.72 (s, 3H, ArMe), 5.4 (septet, 1H, OPr ' , 
HH 7Hz), 4.4 (bs, 11-1, NH), 3.87 (m, 1H, aromatic), 3.0-3.4 
(m, 5H, aromatic). Mass: P nile 269 (100), 227 (100), 211 (50). 
Exact Mass: Found: 269. 177878, C 18 H 23N0 requires 
269. 177955. 
Elution with petrol: ether (100:30) gave unchanged starting 
material (0.03 g, 1%) identified by its i. r. spectrum. 
Elution with petrol: ether (100:75) gave a red solid identified 
as 5, 11 -dihydro- 2, 4-dimethyldibenz[b, ][i, 4]oxazepine (0. 03 g, 
1. 5%) from comparison of its i. r. and p.m. r. spectra with the 
data published. 60 
Elution with ether gave a green oil identified as di-isopropyl 
N-( 2- isopropoxyphenyl)- N-(2, 4, 6- trimethylphenyl)phospho ramidate 
(0.04 g, 1%). 	I.r.:i)1310 (ArN), 1245 (P:O), 1170 (w, POCH), 
1000 (CO) cm ' . P.m. r.: 8. 5 -8.9 (m, 18H, 3r 1), 7.90 (s, 
6H, 2ArMe), 7. 76 (s, 3H, ArMe), 5. 3 (m, 3H, 3 ClPr '), 2.7-4.0 
(m, 	6H, aromatic). Mass: P ni/e 433 (33), 391 (78), 349 (15), 
- 307 (100). Exact Mass: Found: 433. 237871. G 24 H 36N04 P 
requires 433. 238182. 
Elution with IN hydrochloric acid gave a dark brown oil 
which, after extraction into ether, drying and removal of the solvent, 
gave 2-(2, 4, 6-trimethylaniino)phenol (1. 75 g, 66%) identified by 
its i. r. spectrum (accountancy: 8 5%). 
(iv) With diethyl methyiphosphonite. After reaction for 16 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid (b. p. 	500/0.  05 mm) identified as diethyl methyiphosphonate 
by its i. r. spectrum; (2) a colourless oil (b. p. 110 ° /0. 04 mm) 
which solidified on cooling and was identified as 2, 2-diethoxy-2, 2- 
dihydro- 2-methyl-3-(2, 4, 6-trimethylphenyl)benz- 1, 3, 2-oxaza-
phospholine (3.45 g, 95%), m. p.  63-650 (decomp., M. p. 128-131 ° ) 
(Found: C, 66. 5; H, 8. 1; N, 3. 9. C 20 H 28NO3P requires C, 
66.5; H, 7.8; N, 3.9%). 	1. r. : ) 1310 (w, PMe), 1280 (w, ArN), 
1260 (ArO), 1170 (w, POEt), 1060 (GO), 980 and 960 (POEt and 
P0) cm- 
1. 
 P.m. r. : 9.08 (b t, 6H, 2POEt, J 
HH 
 7Hz), 8. 18 (d, 
3H, PMe, J
PH  171-Jz), 7. 90 (s, 6H, 2ArMe), 7. 70 (s, 3H, ArMe), 
6. 30 (b quintet, 4H, ZPOEt), 4. 16 (m, 1H, aromatic), 3. 25-3. 60 
(rn, 31-I, aromatic), 3. 10 (s, ZH, aromatic). 	31 P: +37. 5. 	Mass: 
P m/e 361 (85), 333 (15, m 307 (361-333)), 316 (30), 287 (70), 
208 (100, m*  121 (361-208)) (accountancy: 95%). 
(d) Reaction of 2, 6-Dimethoxypheny] 2-Nitrophenyl Ether. 
(i) With triethyl phosphite. After reaction for 94 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
identified by its i. r. spectrum as triethyl phosphate; (2) a light 
yellow oil (b. p. 134-140 0 /0. 06 mm) which solidified on cooling and 
was identified as 3-(2, 6-dirnethoxyphenyl)-2, 2, 2-triethoxy-2, 2-
dihydrobenz-1, 3, 2-oxazaphopholine (2. 1 g, 52%), m. p. (from 
petrol, 35% recovery) 83-84 ° (Found: C, 58.4; H, 6. 8; N, 3. 7. 
C 20H 28 N06P requires C, 58.7; H, 6.85; N, 3.4%). 1. r. 
i) 1310 (ArN), 1270 and 1260 (ArO), 1160 (w, POEt), 1115 (Ca), 
1060 (Ca), 970 (POEt) cm ' . P.m. r. : 9. 0 (d of t's, 9H, 
3POEt, J 
HH  7Hz, JPH 1. 5Hz), 6. 28 (s, 6H, 2ArOMe), 6. 17 
(d of q's, 6H, 3POEt, J 	 7Hz, 
3PH 
 9Hz), 4. 02 (m, 1H, aromatic),HH 
3. 15-3. 5 (m, 51-I, aromatic), 2.66-2.88 (m, lH, aromatic. 
31 	 * 
P: +57. Mass: P m/e 409 (100), 381 (25, m 354 (409-381)), 
353 (2, m*  327 (381-353)), 364 (35), 307 (10, m 281. 5 (335-307)), 
273 (60), 227 (15), 213 (60). 
The remaining distilable material was hydrolysed by method 
A. This gave a green oil identified as 2-(2, 6-dimethoxyanilino)- 
phenol (0. 69 g, 28%). A sample was sublimed and then recrystallised 
from a petrol /chloroform mixture to give a white solid, m. p. and 
mixed m. p.  159-160°  (see section 5(d)) (accountancy: 80%). 
(e) Reaction of 4-Methoxyphenyl 2-Nitrophenyl Ether. 
(i) With dimethyl phenyiphosphonite. After reaction for 44 h low 
vacuum distillation left a faint brown oil. The addition of ether 
precipitated a white solid which was identified as 2, 2-dihydro-2, 2-
dimethoxy 3 _(4 methoxyphey)2.phenylbenz_1, 3, 2-oxaza-
phospholine (2. 53 g, 66%), m. p. (from ether, 40% recovery) 
164-165°  (Found: C, 65. 9; H, 5.8; N, 3.6. C 21 H22N04P 
requires C, 65.8; H, 5.7; N, 3 . 7 %). 	1. r. : t) 1440 (w, P- Ph), 
1290 (ArN), 1260 (ArO), 1240 (ArO), 1180 (w, POMe), 1130 
(w, PPh), l080 and 1O3Q (CO and PO) cm - 	P.m.r.: 6.64 
(ci, 6H, 2POMe, JPH 12Hz), 6. 22 (s, 3H, ArOMe), 3.82 (m, 1H, 
aromatic), 3. 0-3. 5 (m, 5H, aromatic), 2. 2-2. 9 (m, 7H, aromatic). 
4.9. Mass: P m/e 383 (100), 368 (50, m*354 (383-368)), 352 
(20, m 323. 5 (383-352)), 337 (40, m 308. 6 (368-337)), 214 
(12), 196 (10, m 100. 3 (383-196)). 
The residue was distilled at high vacuum giving the following 
fractions: (1) a colourless liquid (b. p. 75-78 ° /0. 07 mm) identified by 
its i. r. spectrum as dimethyl phenyiphusphonate; (2) a light yellow 
oil (b. p. 1800 /0. 1 mm) which, on the addition of dry ether, gave 
a white solid shown by its p.m. r. spectrum to be crude phosphorane 
(0.45 g, 12%) (accountancy: 78 %). 
(f) Reaction of 2-Nitrophenyl Phenyl Ether. 
(i) With dimethyl phenyiphosphonite. After reaction for 65 h high 
vacuum distillation gave the following fraction: (1) a colourless 
liquid shown by its i. r. spectrum to be dimethyl phenyiphosphonate; 
(2) a faint yellow oil (b. p. 139-149 0 /0. 07 mm) which slowly solidified. 
This solid (2. 34 g) was washed with petrol to leave 2, 2-dihydro-2, 2-
dimethoxy- 2, 3- diphenylben.z- 1, 3, 2-oxazaphospholi.ne (1. 56 g, 45%), 
m.p. (from petrol, 50% recovery) 104-106 0 (Found: C, 68.4; 
1-1, 5.8; N, 3. 9. C 70 H 70NO 3P requires C, 68. 0; H, 5. 7; N, 
4 .0%). 	1. r. :1) 1440 (PPh), 1300 (ArN), 1260 (ArO), 1180 (w, 
POMe), 1130 (w, PPh), 1080 (CO), 970 cm. P. m. r. : 6.64 
(d, 6H, 2POMe, JPFJ 12Hz), 3.86 (m, 1H, aromatic), 3. 2-3. 58 
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(m, 3H, aromatic), 2. 2-2. 85 (m, 10J-1, aromatic). 	P: -f45. 
Mass: P rn/c 353 (100), 339 (6), 322 (20, rn*  306 (339-322) and 
m 293 (353-322)), 307 (25). 
The petrol washings and the remaining distillable material 
(3000  (bath)) werehydrolysed by method B. Elution with petrol 
ether (100:40) gave a faint yellow oil identified as 2-methoxydi-
phenylamine (0. 03 g, 1. 5%)•145 1. r. :13 3420 (NH), 1295 (ArN), 
1230 (ArO), 1180, 1115 (CO), 1030 (CO) cm'. P.m.r.: 6.24 
(s, 3H, ArOMe), 4. 0 (bs, 1H, NH), 2.6-3. 5 (m, 9H, aromatic). 
Mass: P rn/c 199 (100). Exact Mass: Found: 199. 098742. 
C 13 H 13N0 requires 199.099708. 
Elution with ether:methanol (100:20) gave a green oil, 
which solidified on cooling and was identified as 2- (anilino) phenol 
(0. 23 g, 12%) by comparison of its i. r. spectrum with that of an 
authentic sample (see section 5(b)) (accountancy: 58%). 
A replicate experiment gave, after reaction for 65 h and 
high vacuum distillation, a faint yellow oil (b. p. 160-165 ° /0. 1 mm) 
which was shown by its p. m. r. spectrum to be the phosphorane 
(2.54 g, 70%) (accountancy 70%). 
(ii) With diethyl methylphosphonite. After reaction for 65 h high 
vacuum distillation gave the following fractions: (1) a faint yellow 
oil (b. p. 106-110
0
/0. 05 mm). 	Trituration of the oil (1.58 g) in 
petrol gave an oily solid shown to be a crude sample of 2,2-diethoxy-
2, 2-. dihydro- 2-methyl- 3-phenylbenz- 1, 3, 2-oxazapho spholine (0. 55 
g, 17%). I. r. : V 1305 (PMe and ArN), 1265 (ArO), 1160 (w, 
POEt), 1060 (GO), 970 (POEt) cm'. P.m. r.: 9.14 (t, 6H, 
ZPOEt, J 
I-lH  7Hz), 8.12 (d, 3H, PMe, J PH 
 18Hz), 6. 30 (m, 4H, 
2POEt), 3. 94 (m, lH, aromatic), 3. 1-3.6 (m, . 3H, aromatic), 
2.5-2.9 (m, Z 51-i, aromatic). 	31 P: +35. 7 (100), -27. 2 (6), 
-27.5 (8), -29.8 (21) -30.5 (14), -41.4 (8). 	Mass: P m/e 319 
* 
(100), 291 44, m * 266 (319-291)), 274 (43), 263 (14, rn 	238 
(291-263)), 246 (30), 245 (35). 	Exact Mass: Found: 319. 132922. 
C 17 H22NO3P requires 319. 133723. 
The residues from the trituration and the remaining 
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distillable material (320  (bath)) were hydrolysed by method B. 
Elution with petrol : ether (75 : 100) gave a colourless oil identified 
as 2-ethoxvdiphenylamine (0. 13 g, 6%) by comparison of its i. r. 
spectrum with that of an authentic sample. 146 
Elution with ethyl acetate :methanol (100:5) gave a green 
oil identified as 2- (anilino) phenol (0.49 g, 26%) by comparison of 
its i. r. spectrum with that of an authentic sample (see section 5(b)) 
(accountancy: 4 9%). 
Preparation of Mixtures Containing Pentacoordinate 
Phosphoranes : Deoxygenation of Aryl 2-Nitrophenyl 
Ethers 
(a) Reaction of 4-Methoxyphenyl 2- Nitrophenyl Ether. 
(1) With triethyl phosphite. After reaction for 66 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
shown by its i. r. spectrum to be triethyl phosphate; (2) a faint 
brown oil (1. 79 g), (b. p. 	140° ! 0.04 mm). A preliminary 
analysis of this material by p. m. r. indicated that a mixture was 
present including a substance giving a phosphorus-split triplet at 
9T. Redistillation did not separate the two major components of 
the mixture. G. 1. c. analysis (10% silicone oil, 2100) and g. 1. c. / 
mass spectrometry showed that one component was 2-ethoxy-4'-
methoxydiphenylarnine (see section 5(e) for the preparation of an 
authentic sample). Mass: P m/e 243 (100). C 15 H 17 NO 2 
requires P m/e 243. P.m. r.- : (peaks assigned to the diphenyl-
amine) 8. 57 (t, 3M, OEt, 
THH  7Hz), 6.24 (s,Z 3H, ArOMe), 
90 (q, 	2H, OEt, J 
HH 
 7Hz), 4. 0 (b s, 1H, NH), 2. 7-3. 5 (m, 
aromatic). (Peaks assigned to the other component) 8. 98 (d of 
t's, 9H, 3POEt, 
3HM 
 7Hz, J 	 1. 5Hz), 6. 20 (s, 3H, ArOMe),PH 
5.9-6. 3 (d of q's, 6H, 3POEt, J 	 7Hz, J
pH 
 9Hz), 3. 90 (m,HH 
1H, aromatic), 2. 9-3. 5 (m, aromatic). This compound was 
thus identified as 2, 2, 2- triethoxy- 2, 2- dihydro - 3-(4 -methoxvohenvfl-
benz-i, 3, 2-oxazaphospholine. 31 P: +59. Mass: P m/e 379 
93 
(100), 351 (48, m 
*
325 (379-351)), 334 (19), 305 (27), 277 (34), 
262 (19), P m/e 243 (58). Exact Mass: Found: 379. 154353. 
C 19 H 26N05P requires 379. 154849. P.m. r. was used to estimate 
the yields of the products and gave phosphorane ( 36 %), diphenyl-
amine ( 24 %) (accountancy: 60 %). 
(b) Reaction of 2, 6-Dim ethoxyphenyl 2-Nitrophenyl Ether. 
(i) With dimethyl phenyiphosphonite. After reaction for 65 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid (b. p. 78° /U. 05 mm) identified by its i. r. spectrum as di-
methyl phenylphosphonate; (2) a faint yellow oil (b. p. 178-200 0 / 
0 05 mm) which solidified to a glass (3.42 g) on cooling. 
Attempted recrystallisations of this substance were unsuccessful 
thus it was hydrolysed by method B. Elution with ethyl acetate: 
methanol (100:5) gave a greenlid identified as 2-(2, 6-dimethoxy- 
anilino)phenol (1.4 g, 57%) by comparison of its i. r. spectrum with 
that of an authentic sample (see section 5(d)) (accountancy: 57%). 
In a replicate experiment high vacuum distillation gave a 
light yellow oil (b. p. 178-190 0 /0. 05 mm) which solidified to a glass 
(3. 05 g) on cooling. The addition of ether to the glass gave a white 
solid which was identified as 3-(2, 6-dimethoxyphenyl)-2-oxo-2-
phenylbenz-1, 3, 2-oxazaphospholine (0. 26 g, 7%), m. p. (sublimed) 
185-187° (Found: C, 65. 1; H, 4. 8; N, 3.8. C 20 H 18 N04P 
requires C, 65.4; H, 4.9; N, 3.8%). 	1. r. :t) 1440 (w, PPh), 
1260 (P:O), 1120 (ArOMe) cm- 
1. 
 P.m. r. : 6 86 (s, 3H, ArOMe), 
6. 24 (s, 3H, ArOMe), 2.0-3.8 (m, Z 12H, aromatic). 	P: -28.8. 
Mass: P rn/c 367 (100), 348 (1), 336 (2), 321 (8), 261 (7), 245 
(10), 231 (8), 226 (10), rn/2e 183.5 (7). 	Exact Mass: Found: 
367. 097467. C 20 H 18 N04P requires 367. 097338. 
Recrystallisation of the remaining material from ether gave 
a white solid (0. 8 g) shown to be a mixture of the phosphonamidate 
and3- (2, 6- dimethoxyphenvi)- 2, 2- dihydro- 2, 2- thmethoxy- 2- phenyl-
benz-i, 3, 2-oxazaphospholine. P.m. r. : peaks assigned as above 
to the phosphonamidate 6. 65 (bd, 2POMe), 6. 36 (s, 6H, ZArOMe), 
94 
3.95 (m, 111, aromatic), 2.2-3.6 (m, aromatic). 	P: 441. 6 
(100), -28.8 (38). 
In a further replicate experiment high vacuum distillation 
gave a faint yellow solid (b. p. 175 0 /0. 05 mm) (2. 09 g) and then 
a faint yellow solid (remaining distillable material (300 ° (bath)), 
(1. 01 g). Both these fractions were shown to be mixtures. The 
phosphorane ( 3 1%) and  phosphonamidate (8%) were identified in 
the first fraction. 	31 P: 444.6(34), 441.6 (100), -28.8 (23). 
P. m. r.: peaks due to both compounds as above. Mass: P m/e 
413 (100), 382 (30), P m/e 367 (10), 351 (5). Exact Mass: 
Found: 413. 135509. C 22H24N0P requires 413. 139200. The 
phosphorane (11%) and the phosphonamidate (8%) were also 
identified in the second fraction. 	MP: 444. 2 (17), -1-41. 6 (100), 
-19.9 (12), -21.7 (7), -28.8 (64), -29. 5 (12). 
5. 	Preparation of Decomposition Products of Pentacoordinate 
Phosphoranes : Deoxygenation of Aryl 2-Nitrophenyl Ethers 
(a) Reaction of 2-Chloro-6-methylpheny]. 2-Nitrophenyl Ether. 
(i) With trimethyl phosphite. 	After reaction-for 66 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid (b. p. 
<500 /0. 05 mm) identified by its i. r. spectrum as trimethyl phosphate; 
(2) a dark brown oil (b. p. 130 0 /0•08 mm), (0.93 g); (3) a dark 
yellow oil (b. p. 148
0
/0L 05 mm), (1. 34 g). Analysis of fractions 2 
and 3 by g. 1. c. and p. m. r. showed that mixtures with phosphorus 
containing components had been formed. These fractions were 
hydrolysed by method B. Elution with petrol : ether (100:5) gave 
a light brown oil identified as N - methyl-l-methy1phenoxzn 
(0. 22 g, 10%). 	I. r. :I.) 1365 (ArN), 1280 (ArO) cm 1 . P.m. r. 
7.84 (s, 3H, ArMe), 7. 02 (bs, 3H, NMe), 3. 15-3. 74 (m, 71-i, 
aromatic). Mass: P m/e 211 (100), 196 (80). Exact Mass: 
Found: 211.099230. C 14 H13N0 requires 211.099708. 
Elution with petrol: ether (100:40) gave a yellow oil, which 
solidified on cooling and was identified as unchanged starting 
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Elution with petrol :ether (100:50) gave a reddish solid 
which was identified as l-methylphenoxazine (0. 10 g, 6%), in. p. 
(sublimed) 79_800 (lit.  ,60  82-83°) (Found: C, 78.9; H, 5.6; 
N, 7.0. C 13 H11 N0 requires C, 79.2; H, 5.6; N, 7 .1%). 
1. r. :t) 3430 (NH), 1300 (ArN and ArO) cm'. 
Elution with ethyl acetate :methanol (100:20) gave a green 
solid identified as 2-(2-chloro-6-methylani].ino)phenol (0. 61 g, 26%), 
m. p. (sublimed) 86-87 0 (Found: C, 67. 1; H, 5. 2; N, 6.0. 
C 13H 12C1N0 requires C, 66.8; H, 5. 1; N, 6. 0%). I. r. 
1)3600 and 3150-3500 (OH and NH), 1275 and 1220 (ArO) cm'. 
P. m. r. : 7. 98 (s, 3H, ArMe), 4. 5 (b hump, 1H, NH), 4. 25 
(s, 1H, OH), 2.7-3.6 (m, 7H, aromatic). Mass: P m/e 235 (33), 
233 (100), 198 (27, m* 168 (233-198 	
* 
m 167 (235-198)), 197 (12), 
183 (27) (accountancy: 44%). 
(ii) With triethyl phosphite. 60 	After reaction for 66 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid (b. p. 
<50° /0. 02 mm) identified by its i. r. spectrum as triethyl phosphate; 
(2) a faint yellow oil (b. p. 118-140 ° /0. 03 mm); (3) a faint yellow 
oil (b. p. 150-200° /0. 03 mm). Analysis of fractions 2 and 3 by 
p. m. r. indicated that mixtures were present. The fractions were 
combined and hydrolysed by method B. Elution with petrol : ether 
(100:3) gave a colourless oil which solidified on cooling and was 
identified as 2-chloro- 2 1 -ethoxy-6-rnethyidipheuylamjne (0. 09 g, 3%), 
m. p. (sublimed) 86 °  (Found: C, 68. 9; H, 6. 2; N, 5. 35. 
C 15 H 16C1N0 requires C, 68.8; H, 6. 1; N, 5. 35%). I.r. 
i.) 3400 (NH), 1275 (w, ArN), 1245 and 1220 (ArO), 1120 (CO), 
1040 (GO) cm- 1. 
-
P. m. r. : 8.55 (t, 3H, OEt, J 
HH 
 7Hz), 7.78 
(s, 3H, ArMe), 5. 86 (q, 2H, OEt, J HH 7Hz), 4. 0 (b s, 1H, NH), 
3.84 (rn. 1H, aromatic). 2.65-3. 3 (in, 6H, aromatic). 
Elution with petrol : ether (100:25) gave a reddish oil 
identified as 1-methylphenoxazine (0. 16 g, 8%) by g. 1. c. and i. r. 
analysis. 
W. 
Elution with ethyl acetate :methanol (100:20) gave a brown 
oil, which slowly solidified, and was identified as 2-(2-chloro-6-
methylanilino)phenol(1. 04 g, 44 %), (identical i. r. spectrum with 
that of the previous sample), m. p. and mixed rn. p. 83-85° 
(accountancy: 55%). 
(b) Reaction of 2-Nitrophenyl Phenyl Ether. 
With triethyl phosphite. After reaction for 65 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
shown to be triethyl phosphate by its i. r. spectrum; (2) a faint 
yellow oil (b. p. 110-150 
0
/0. 1 mm), (0. 89 g); (3) the remaining 
distillable material (320 ° (bath)), (0. 60 g). P.m. r. analysis 
showed that a mixture was present in both fractions 2 and 3. Thus 
these fractions were recombined and hydrolysed by method B. 
Elution with petrol : ether (100:30) gave a faint yellow oil identified 
as 2-ethoxydiphenylamine (0. 19 g, 9%). 1. r. (oil): ) 3420 (NH), 
1300 (ArN), 1235 (ArO), 1140 (GO), 1045 (GO) cm . P.m. r. 
8. 62 (t, 3H, OE t, J 
HH 
 7Hz), 6. 00 (q, ZH, OEt, J 
HH 
 7Hz), 3. 88 
(bs, 1H, NH), 2.6-3.4 (m, 9H, aromatic). The oil solidified on 
° 	146 	° cooling, m. p.  44-47 (lit., 47-48). 
Elution with ethyl acetate:methanol (100:2) gave a green oil 
identified as 2-anilinophenol (0. 28 g, 15%). The oil slowly 
solidified, m. p. (sublimed to white crystals) 68-69 ° (lit. ,147 69-
70° ). 	I. r. :1) 3600 and 3 200-3500 (OH and NH), 1300 (ArN), 
1220 (ArO) cm 	(accountancy: 24%). 
With dimethyl phenyiphosphonite. After reaction for 63 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid (b. p. 80-83° /U. 1 mm) identified by its i. r. spectrum as 
dimethyl phenylphosphonate; (2) a light yellow oil (b. p.  164- 170 0 ! 
0. 1 mm). The addition of ether to the yellow oil precipitated a 
white solid and the addition of petrol to the filtrate gave a yellowish 
solid. Both of these were identified as 2-oxo-2, 3- diphenylbenz-
1, 3, 2-oxazaphospholine (0.45 g, 14. 5%), m. p. 127-128 ° (Found: 
C, 70.6; H, 4.6; N, 4.5. C 18H 14 NO2P requires C, 70.4; 
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H, 4.6; N, 4.6%). 	1. r. :1) 1443 (PPh), 1300 (ArN), 1265 (P:O), 
1220 (ArO), 1130 (PPh) cm- 1. P.m. r. : 2. 10-3. 25 (m, aromatic). 
31 P: -29.4. 	Mass: P m/e 307 (100), m/2e 153.5 (9). 
Attempts to obtain the pentacoordinate phosphorane from the 
ether-soluble material were unsuccessful. Thus the residues were 
hydrolysed by method B. Elution with ether gave a brown oil 
identified as 2-methoxydiphenylamine (0. 17 g, 8%) by comparison 
of its i. r. spectrum with that of an authentic sample (see section 
3(f)). 
Elution with ethyl acetate :methanol (100:5) gave a green 
oil, which slowly solidified, and was identified as 2-anilinophenol 
(0. 27 g, 15%) by comparison of its i. r. spectrum with that of an 
authentic sample (see section 5(b)) (accountancy: 37. 5%). 
(c) Reaction of 2, 6-Dimethyiphenyl 2-Nitrophenyl Ether. 
(i) With triethyl phosphite gave the amino tri ethoxypho s pho ran e 
which, on standing in air, hydrolysed to a white solid identified as 
3-(2, 6-dimethylphenyl)-2-hydroxy-2-oxobenz_1, 3, 2-oxazaphospho-
line, m. p. (from benzene) 230-232 °  (Found: C, 61. 0; H, 4. 95; 
N, 5. 1. C 14 H 14 NO 3P requires C, 61. 1; H, 5. 1; N, 5. 1%). 
I. r. (nujol):1) 2600-2750 and 2200-2400 and 1600-1800 (w, POH), 
1210 (P:O) cm- 
1. 
 P.m. r.: 7.80 (s, 6H, 2ArMe), 3. 8 (m, JH, 
aromatic), 2.7-3. 2 (m, 6H, aromatic), -2. 2 (s, 1H, POH). 
31 	 * 
P: -15.6. Mass: P m/e 275 (100), 257 (30, m 240 (275- 
257)), 194 (50). 
From a replicate experiment a mixture of hydrolysis 
products, derived from the aminotetroxyphosphorane was obtained. 
On eluting this mixture down a dry alumina column with benzene 
a faint brown solid was obtained which was identified as 2-(2,6-
dimethylanilino)phenyl diethyl phosphate m. p. (sublimed) 63-
65° . 
	
1. r. (nuiol):i) 3400 (NH), 1320 (w. ArN). 1275 (P:O). 
1250 (ArO), 1180 (w, POEt), 1030 (CO), 970 (POEt), 750 (P0) 




7. 79 (s, 6H, 2ArMe), 5. 72 (d of q's, 4H, 2POEt, J I-IH 
8. 5Hz), 4. 0-4. 6 (bs, 1H, NH), 3. 8 (m, 11-1, aromatic), 3. 0-3. 3 
(m, 2H, aromatic), 2.86 (s, 3H, aromatic), 2.66-2.8 (m, 1H, 
aromatic). 	P: 44. 7. Mass: P m/e 349 (100), 194 (40). 
Exact Mass: Found: 349. 144028. C 18 H 24 N04P requires 
349. 144286. 
With trimethyl phosphite gave the expected amino tetroxyphos-
phorane an attempted recrystallisation of which (1.02 g), from a 
petrol/ether mixture, gave a white solid identified as 3-(2, 6-
dimethyiphenyl)- 2-methoxy- 2-oxobenz- 1, 3, 2-oxazapho spholine 
(0. 22 g), m. p. 1510 (Found: C, 62. 3; H, 5. 5; N, 4. 85. 
C 15 H 16 NO3P requires C, 62.3; H, 5.5; N, 4.8%). 1. r. 
) 1280 (P:O), 1030 (CO), 880 cm . P.m. r.: 7. 69 (s, 3H, ArMe), 
7.63 (s, 3H, ArMe), 6. 15 (d, 3H, POMe, J 
PH 
 12Hz), 3.8 (m, 
1H, aromatic), 3. 15 (m, 2H, aromatic), 2. 75-3. 0 (m, 1H, 
aromatic), 2.85 (bs, 3H, aromatic). 	31 P: -13.5. 	Mass: 
P m/e 289 (100), 257 (25, m 228 (289-257)), 194 (25, m 130 
(289-194)). 
With tn- isopropyl phosphite gave the expected aminotetroxy -
phosphorane an attempted recrystallisation of which (0. 61 g), from 
petrol, gave a white solid identified as 3-(2, 6-dimethylphenyl)-2-
isopropoxy-2-oxobenz-1, 3, 2-oxazaphospholine (0. 21 g), m. p. 
113-114 ° (Found: C, 64.4; H, 6.1; N, 4.8. C 17 H 20 NO3P 
requires C, 64. 35; H, 6.3; N, 4.4%). 	I. r. :t) 1275 (P:O), 1255 
(ArO), 1020 (CO) cm* P.m. r. : 8.88 (d, 3H, OPr 	i 
HH 
 7Hz), 
8.62 (d, 3H, apr, J 
HE 
 7Hz), 7. 83 (s, 3H, ArMe), 7. 71 (s, 3H, 
ArMe), 5.18 (m, 1H, OPr'), 3. 88 (m, 1H, aromatic), 3. 18 (m, 
2H, aromatic), 2.8-3. 05 (m, 4H, aromatic). Mass: P m/e 317 
(30), 275 (100, m 239 (317-275)), 257 (30, m*  241 (275-257)), 
194 (40). 
(d) Reaction of 2. 6-Dimethoxyphey1 2-Nitrophenyl Ether 
(i) With tnimethyl phosphite. After reaction for 100 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
(b. p. 46-50 0 /0. 05 mm) shown by its i. r. spectrum to be trimethyl 
phosphate; (2) a faint yellow oil (b. p. 140-150 0 /0. 04 mm), 
(1. 35 g); (3) the remaining distillable material (3200 (bath)), 
(1.64 g). P. m. r. analysis of fraction 2 showed that it contained 
the aminotrimethoxyphosphorane as one component of a mixture. 
The addition of ether to this fraction gave a white solid identified 
as 3-(2, 6 -dim ethoxyphen_y1)-2_methoxy2_oxobenz_1, 3, 2-oxaza-
phospholine (0. 15 g, 4.7%), m. p.  156-158 ° (Found: C, 56. 45; 
H, 5. 1; N, 4. 5. C 15 H 16N05P requires C, 56. 1; H, 5. 0; N, 
4 . 4 %). 	1. r. :1) 1300 (P:O), 1260 (ArO), 1115 (GO), 1060 (Go) 
cm 1 . P.m. r. : 6. 28 (s, 3H, ArOMe), 6.19 (s, 3H, ArOMe), 
6. 20 (d, 3H, POMe, J 
PH  12Hz), 3.70 (m, 1H, aromatic), 3.35 
(bd, 2H, aromatic, J 
HH  9Hz), 3.15 (m, 2H, aromatic), 2.94 (m, 
1H, aromatic), 2.64 (m, 1H, aromatic). Mass: P m/e 321 
(100), 305 (40). 
(ii) With diethyl niethyiphosphonite. After reaction for 35 h high 
vacuum distillation gave the following fractions: (1) a colourless 
liquid identified by its i. r. spectrum as diethyl methylphosphonate; 
(2) a yellow oil (b. p. 1220 /0. 05 mm), (2.80 g); (3) the remaining 
distillable material (3 10° (bath)), (0. 48 g). Analysis of fraction 
2 by p. m. r. showed that a mixture, containing the pentacoordinate 
phosphorane, had been formed. However attempts to purify this 
material were unsuccessful. The addition of ether gave a white 
solid identified as 3-(2, 6-dimethoxyphenyl)- 2-methyl- 2-oxobenz-
1,3, 2-oxazaphospholine (0. 12 g, 4 %), m. p.  131-133° . I. r. :\) 1300 
(ArN), 1255 (P:O), 1220 (ArO), 1110 (GO), 1010 (CO), 910 cm- I 
P.m. r. : 8. 10 (d, 3H, PMe, J 
PH  17Hz), 6. 25 and 6. 22 (two s's, 
6H, 2ArOMe), 3.75 (m, lH, aromatic), 2.5-3.4 (m, 6H, aromatic). 
Mass: P m/e 305 (100), 273 (3), 259 (7), 226 (13). Exact Mass: 
Found: 305.081084. C 15 H16N04 P requires 305.081689. 
Hydrolysis of the residues by method A gave a green oil 
which, on addition of petrol, gave a dark green solid identified 
as 2-(2, 6 -dim ethoxyanilino) phenol (0. 59 g, 24%), m. p. (sublimed 
and from petrol /chloroform, white solid) 159-160 ° (Found: C, 
69. 0; H, 6. 2; N, 5.8. C 14 H15NO3 requires C, 68.6; H, 6. 1; 
100 
N, 5. 7%). 1. r. 	3600 and 3200-3440 (OH and NH), 1255 (ArO), 
1220, 1115 (CO) cm . 
	
P.m. r. : 6. 28 (s, 6H, ZArOMe), 4. 0- 
5.4 (2H, OH and NH), 2.9-3.6 (m, 7H, aromatic). Mass: P m/e 
245 (100), 230 (2, m* 216 (245-230)), 213 (12, m* 184 (245-213)), 
199 	(62, m*  161. 5 (245-199)) (accountancy: 28%). 
(e) Reaction of 4-Methoxyphenyl 2-Nitrophenyl Ether. 
(i) With diethyl methyiphosphonite. After reaction for 66 h low 
vacuum distillation left an oil. The addition of ether to this oil 
gave a white solid (0. 45 g). High vacuum distillation of the residue 
gave the following fractions: (1) a colourless liquid shown by its 
i. r. spectrum to be diethyl methyiphosphonate; (2) a faint yellow 
oil (b. p. 140-145 ° /0. 04 mm), (2. 30 g); (3) a yellow oil (b. p. 
2 1400 /0. 04 mm), (0. 53 g); (4) the remaining distillable material 
(320° (bath)), (0. 45 g). 	The precipitated solid and fraction 4 
were shown by p. rn. r. to be the same substance which was identified 
as 2-methyl- 2, 2'- spirobi{2, 2-dihydro- 3-(4-methoxyphenyl)henz- 
1, 3, 2-oxazaphospholine] (0. 9 g, 19%), m. p. (from ether /chloroform, 
60% recovery) 225-226 0 (Found: C, 68. 7; H, 5. 5; N, 5. 95. 
C 27 H 25 N 2 04P requires C, 68.6; H, 5.3; N, 5.9%). 	1. r. (nujol); 
1) 1290 (PMe and ArN), 1245 (ArO), 1030 and 1015 (CO) cm. 
P. m. r. : 7. 82 (d, 3H, PMe, J 
PH  18Hz), 6. 20 (s, 6H, ArOMe), 
3. 89 (m, 2H, aromatic), 3. 72 (m, 2H, aromatic), 3. 40 (m, 4H, 
aromatic), 2.82-3. 16 (m, 8H, aromatic). 	3j P: +35.8. 	Mass: 
P m/e 472 (100), 457 (11, m 443 (472-457)), 349 (1). 275 (3), 
244 (32), 236 (8), m/2e 236. 5 (2). 
Trituration of the oils of fractions 2 and 3 in petrol/ether 
mixtures gave a white solid identified as 3-(4-methoxyphenyl)-2-
methyl- 2-oxobenz-1, 3, 2-oxazaphospholine (0. 39 g, 14%), m. p. 
78-790 (Found: C, 60.95; H, 4.9; N, 5.1. C 14 H14 NO3 P 
requires C, 61, 1; H, 5. 1; N, 5. 1%). 	Lr. (nujol); ) 1290 (PMe 
and ArN), 1250 (ArO), 1220 (P:O), 1030 (CO), 1020 (CO) cm. 
P.m. r. : 8. 20 (d, 3H, PMe, 
3PH  18Hz), 6. 19 (s, 3H, ArOMe), 
2. 5-3.5 (m, 81-i, aromatic). Mass: P m/e 275 (100), 260 (30, 
101 
m 246 (275-260)), 152 (30). 
The residues were hydrolysed by method A and the dark 
oil obtained was run down a dry alumina column using ethyl acetate 
as solvent. A colourless oil was isolated which slowly solidified and 
was identified as 2-ethoxy-4 1 -methoxydiphenylarnine (0. 28 g, 11%), 
m. p.  49-51 ° (Found: C, 74. 2; H, 7. 1; N, 5.6. C 15 H 17 NO2 
requires C, 74. 1; H, 7.0; N, 5. 8%). 	I.r. (nujol);) 3410 (NH), 
1290 (ArN), 1240 (ArO), 1120 (GO), 1040 (GO) cm- 
1. 
 P.m. r.: 
8. 57 (t, 3H, OEt, 
3HH 
 7Hz), 6. 24 (s, 3H, ArOMe), 5. 90 (q , 2H, 
OEt, J 
HH 
 7Hz), 4. 0 (bs, 1H, NH), 2.7-3.3 (m, 8H, aromatic). 
Mass: P m/e 243 (100), 214 (50, m*  188 (243-214)), 183 (50) 
(accountancy: 63%). 
(f) Reaction of 2, 6-Dimethyiphenyl 2-Nitrophenyl Ether. 
(i) With tri-n-butylphosphine. After reaction for 66 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
identified by its i. r. spectrum as tri-n-butylphosphine; (2) a faint 
yellow solid (b. p. 1000/0. 04 mm) shown by its i. r. spectrum to 
be tri-n-butylphosphine oxide; (3) a yellow oil (h. p. 	1100/0.04  mm), 
(2. 1 g) shown by g. 1. c. to contain a substantial amount of tn-n-
butyiphosphine oxide. The oil from fraction 3 was chromatographed 
on alumina (activity I, 2 x 45 cm). Elution with petrol : ether 
(100:5) gave a colourless oil identified as 2, 6-dimethyl-2'-n-
butoxydiphenylarnine (0.06 g, 2%). 	1. r. :.) 3420 (NH), 1250 (ArO), 
1040 (GO) cm- 
1. 
 P.m. r. : 8. 0-9. 1 (m, 	7H, OBUn),  7.80 (s, 
6H, ZArMe), 5.88 (bt, 2H, OBu), 4. 40 (b hump, 1H, NH), 3.82 
(m, 1H, aromatic), 3. 0-3.4 (m, 3H, aromatic), 2.89 (s, 3H, 
aromatic). 	Mass: P m/e 269 (100), 213 (30, m*  168 (269-213)), 
212 (30, m*  167 (269-212)), 197 (30). Exact Mass: Found: 
269. 177614. C 18 H 23N0 requires 269. 177955. 
Elution with petrol -ether (100:100) gave a brown oil 
identified as 5, 11 -dihydro-4-methyldibenz[12, eff1, 4]oxazepine 
(0. 03 g, 1. 5%) by comparison of its i. r. spectrum with that of an 
authentic sample. 
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In a replicate experiment with benzene as solvent high 
vacuum distillation gave the following fractions: (1) a white solid 
identified as tri-n-butylphosphine oxide by its i. r. spectrum; (2) 
a yellow substance (b. p. 1400/0.  04 mm Hg), (2. 77 g) which was 
shown by g. 1. c. and p. m. r. analysis to be a mixture. Fraction 
(2) was chromatographed on alumina (activity I, 2 x 45 cm). Elution 
with petrol: ether (100:5) gave 2, 6-dimethyl-2'-n-butoxydiphenyl_ 
amine (0. 02 g, 0. 5%) identified by its i. r. spectrum. 
Elution with petrol :ether (100:20) gave unchanged starting 
material (0. 03 g, 1%) identified by its i. r. spectrum. 
Elution with ether gave a yellow solid identified as 2-amino-
phenyl 2, 6-dimethylphenyl ether (0. 15 g, 7%), m. p. (sublimed) 
83-85° (lit. ° 85-86 ° ). 	I.r.: ) 3480 and 3380 ( NH 2), 1270 
(ArN), 1200 (ArO) cm - . 
Hydrolysis of the material remaining on the column, after 
elution with ethyl acetate :methano]. (100:20), by method A gave 2-
(2, 6 -dime thylanilino)phenol (0. 2 g. 10%) identified by its i. r. 
spectrum (accountancy: 18. 5%). 
6. Miscellaneous Reactions 
Preparation of 2-(2 !  6- Dimethylanilino)phenol. 
A mixture of substances formed by partial hydrolysis of the (2, 6-  
dim ethylphenyl) amino triethoxypho spho ran  was hydrolysed by method 
A giving a green solid which was sublimed to a white solid identified 
as the aminophenol (0. 25 g), m. p. 117-118 0 (Found: C, 79. 2; H. 
7. 2; N, 6. 7. 	C J4 H J5NO requires C, 78. 9; H, 7. 0; N, 6 .6%). 
I. r. : 1) 3600 and 3100-3450 (OH and NH), 1305 (ArN), 1260 (ArO), 
1220, 1100 cm ' . 	P. ri-i. r. : 7.80 (s, 6H, 2ArMe), 4.8 (b8, 2H, 
OH and NH), 3. 71 (m, 1H, aromatic), 3. 20 (m, 3H, aromatic), 
2.91 (s, 3H, aromatic). 	Mass: P m/e 213 (100), 107 (45). 
Preparation of 2-(4 - methoxyanilino)phenol. 
Hydrolysis of 2, 2- dihydro- 2, 2- dimethoxy- 3-(4-methoxyphenyl)- 2- 
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phenylbenz-1, 3, 2-oxazaphospholine (3. 36 g, 0.00876 mol) by 
method B gave, on elution with ether, 2, 4 1 -dimethoxydiphenylamine 
(0. 028 g, 1. 4 %). 	I. r. :1.) 3430 (NH), 1295 (ArN), 1230 (ArO), 
1120 (CO), 1030 (CO) cm- 1. P.m. r. : 6. 23 (s, 31-1, ArOMe), 
6. 14 (s, 3H, ArOMe), 4. 10 (b s, 1H, NH), 2. 70-3. 35 (m, 81-I, 
aromatic). Mass: P m/e 229 (100), 214 (48, m 
*
200 (229-214)), 
200 (9, m 185. 5 (214-200)), 183 (29). Exact Mass: Found: 
229. 110272. C 14 H 15NO 2 requires 229. 111216. 
Elution with ethyl acetate gave a dark green oil, which 
solidified on cooling and was identified as 2-(4-methoxyanilino)-
phenol (1. 37 g, 73 %). 	Sublimation gave white crystals, m. p. 90- 
91 ° (Found: C, 72.65; H, 6.2; N, 6.5. C 13H13NO 2 requires 
C, 72.6; H, 6.05; N, 6.5%). 	1. r. :1)3600 and 3150-3500 (OH 
and NH), 1230 (ArO), 1040 (CO) cm ' . P.m.r. : 6.28 (s, 3H, 
ArOMe), 4. 2 (very broad hump, 2H, OH and NH), 2. 85-3. 35 (m, 
8H, aromatic). Mass: P m/e 215 (100), 200 (80, m* 186 (215-
200)), 183 (8), 170 (2), m/2e 107. 5 (6) (accountancy: 74 %). 
(iii) Preparation of 2-Chioro- 21_ ethoy- 6-methyldiphenylamine 
2-(2-Chloro-6-methylanilino)phenol (0. 2 g, 0. 00086 mol) and triethyl 
phosphate (0. 78 g, 0. 0043 mol) were boiled under reflux overnight, 
under an atmosphere of nitrogen. The reaction mixture was 
chromatographed on alumina (activity I, 2 x 60 cm). Elution with 
petrol :ether (100:10) gave a colourless oil, which solidified on 
- . cooling, and was identified as the diphenylamire (0. 09 g, 40%), m. p. 
82-84
0 
,  by comparison of its i. r. and p. m. r. spectra with those of 
an authentic sample (see section 5(a)). 
7. Photolysis Experiments 
The equipment used was: (i) a 400 W, medium pressure, 
immersion lamp manufactured by Applied Photophysics Ltd., London; 
(ii) a 400 ml reaction vessel fitted with a pyrex filter. The experi-
ments were carried out at approximately room temperature, the 
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coolant being tap water. In each case the starting material (zi g) 
was dissolved in 'superdry benzene (400 ml) and irradiated, with 
stirring, under an atmosphere of nitrogen. The disappearance of 
starting material was followed by g. 1. c. analysis (2. 5% SE 30, 
225° ). 
(i) Photolysis of 2, 2-Dihydro-2, 2-dimethoxy-3-(4- 
methoxypheny1)-.2-phenylbenz1, 3, 2-oxazaphospholine 
The phosphorane (0. 9 g, 0. 00234 mol) was irradiated for 
45 h. The solvent was removed and the dark coloured residue 
was chromatographed on alumina. Elution with petrol gave a 
colourless solid identified as biphenyl (0. 032 g, 18% based on each 
phenyl radical being formed from one molecule of starting material), 
m. p. and mixed m. p. 69-70° , by comparison of its i. r. and p. m. r. 
spectra with those of an authentic sample. 
Elution with petrol :ether (100:100) gave a white solid 
identified as 3-methoxycarbazole (0. 11 g, 24%), rn. p. (from 
alcohol) 149-151 ° (lit.',48 151-152° and 10 148-149° ). 	1. r. 
1) 3480 (NH), 1290 (ArN), 1170 (ArO), 1035 (CO) cm. P.m.r. 
6. 17 (s, 3H, ArOMe), 2.65-3. 10 (m, 5H, aromatic), 2.53 (d, JH, 
aromatic, J 	 2. 5Hz), 2. 25 (bs, 1H, NH), 2. 07 (m, 1H, aromatic).HH 
Mass: P m/e 197 (100). 
Elution with ethyl acetate :methanol (100:10) gave a blackish 
oil identified as 2-(4-methoxyanil.ino)phenol (0. 106 g, 21%)  by 
comparison of its i. r. spectrum with that of an authentic sample 
(see section 6 (ii)) (accountancy: 4 5%). 
In a replicate experiment the phosphorane (1. 183 g, 0. 00309 
mol) was irradiated for 34 h. The residue, after removal of the 
solvent, was hydrolysed by method B. Elution with petrol : ether 
(100:1) gave biphenyl (0. 029 g 12. 5%) identified by its i. r. spectrum. 
Elution with petrol : ether (75:100) gave 3-methoxycarbazole (0. 138 
g, 23%) identified by its i, r. spectrum. Elution with ether : ethyl 
acetate (100:25) gave a red liquid identified as dimethyl phenylphos-
phonate (0. 19 g) by its i. r. spectrum. 
Elution with ethyl acetate :methanol (100:10) gave a dark 
coloured oil identified as (4-methoxyanilino)phenol (0. 24 g, 36%) 
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by its i. r. spectrum (accountancy: 59%). 
(ii) Photolysis of 2, 2-Dihydro-2, 2-dimethoxy-2, 3-
diphenylbenz- 1, 3, 2.-oxazaphospholine. 
The phosphorane (1.07 g, 0.00303 mol) was irradiated for 
53 h. The residue, after removal of the solvent, was hydrolysed 
by method B. Elution with petrol:ether (100:10) gave biphenyl 
(0. 009 g, 4%) identified by its i. r. spectrum. 
Elution with petrol:ether (100:20) gave a faint yellow oil 
identified as 2-anilinobiphenyl (0.02 g, 2.7%). 	1. r. : - 3420 (NH). 
1310 (ArN) cm . P.m. r.: 4.4 (b s, 1H, NH), 2.4-3.2 (m 	14H, 
aromatic). Mass: P m/e 245 (100), 167 (21), 152 (4), 139 (4). 
Exact Mass: Found: Z45. 121193. C 18 H 15N requires 245. 120444. 
Elution with petrol:ether (100:20) then gave a faint yellow 
oil identified as 2-methoxydiphenylamine (0. 015 g. 2. 5%) by its 
1. r. spectrum (see section 3(1)). 
Elution with petrol:ether (100:70) gave a white solid 
identified as carbazole (0. 077 g, 15%), m. p. (sublimed) 239-242 0  
(authentic m. p. 240-243 ° ), by comparison of its i. r. and p.m. r. 
spectra with those of an authentic sample. Mass: P m/e 167 (100), 
140 (7), 139 (7), m/2e 83. 5 (9). 
Elution with ethyl acetate:methanol (100:5) gave an oil 
identified as 2-anilinophenol (0. 266 g, 47%) by its i. r. spectrum 
(see section 5(b)) (accountancy: 67%). 
8. Variable-Temperature P. M. R. Spectra 
(i) 2, 2-Diethoxy- 2, 2-dihydro- 2-methyl- 3-(2, 4, 6-trimethyl-
phenyl)benz-1, 3, 2-oxazaphospholm 	
0
e. At 28 the p.m. r. spectrum of 
this compound shows the following signals: 9.08 (bt, 6H, ZPOEt, 
HH 7Hz), 8. 18 (d, 3H, PMe 3PH 17Hz), 7. 90 (s, 6H, ZArMe), 
7. 70 (s, 3H, ArMe), 6. 30 (b quintet, 4H, 2POEt), 4. 16 (m, 1H, 
aromatic), 3. 25-3.60 (m, 3H, aromatic), 3. 10 (s, 2H, aromatic). 
Variable-temperature p. m. r. spectra of solutions in methylene 
chloride were recorded. As the temperature was varied the triplet 
of the POEt methyl groups was monitored: at -22 ° this signal had 
collapsed to a broad hump; at -29 °  two methyl signals were seen; 
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and at 600  two triplets from the apicial and equatorial methyl 
groups of the frozen trigonal bipyramid were seen (high field 
signal at 9. 46T, low field signal at 8. 82T, £1) = 63. 5Hz, co-
alescence temperature _26 0 + 1 0 ) .  
The free energy barrier for permutational isomerisation 





where kc = 
61) = chemical shift difference (Hz) for the separated 
signals; T = coalescence temperature ( °K); h = Planck's 
-34 
constant 6. 625 x 10 	JS; k = Boltzmann constant = 1. 38 x 10
-23 
 
JK 1 ; R = gas constant = 8. 314 J mol ' K_ i ; kc = rate of 
permutational isomerisation; K = 'transmission coefficient' = 
0. 5. 
Hence A G= R  in [ 




= (48.5+0.2) kJmol 1 
(ii) 2, 2- Diethoxy- 2, 2-dihydro-2-meth'1- 3-phenylbenz-
1, 3, 2-oxazaphospholine. At 28 0 the p. m. r. spectrum of this 
compound shows the following signals: 9. 14 (t, 6H, 2POEt, 
7Hz), 8. 12 (d, 3H, PMe, J 
PH 
 18Hz), 6. 30 (m, 4H, 2POEt), 3.94 
(m, JH, aromatic), 3. 1-3. 6 (m, 	3H, aromatic), 2. 5-2. 9 (m, 
5H, aromatic). Variable-temperature p. m. r. spectra of 
solutions in methylene chloride were recorded. As the tempera-
ture was varied the triplet of the POEt methyl groups was monitored: 
at 0 
0 
 the signal had broadened; at -52 ° the signal had collapsed to 
a very broad hump; at _630  two methyl signals were seen; and 
at -700 two humps from the apicial and equatorial methyl groups 
of the frozen trigonal bipyramid were seen (high field signal at 
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9. 69r, low field signal at 8. 71T, L1) = 98Hz, coalescence 
temperature -56°+ 10). 
Hence Cx = (41.6± 0. 2) kJ mol 1 
2, 2- Dihydro -2, 2- dimethoxy- 3-(4 - methoxyphenyl)-
2-phenylbenz-1, 3, 2-oxazaphospholine. At 28 ° the p.m. r. 
spectrum shows the following signals: 6. 64 (d, 6H, 2POMe, J PH 
12Hz), 6. 22 (s, 3H, ArOMe), 3.82 (m, 1H, aromatic), 3. 0-3. 5 
(m, 5H, aromatic), 2. 2-2.9 (m, 7H, aromatic). Variable-
temperature p. m. r. spectra of solutions in methylene chloride 
were recorded. As the temperature was varied the doublet of 
the methoxy-groups attached to phosphorus was monitored: at _500 
the signal had broadened to a hump; at -56 ° a very broad hump 
was seen; at _650  two humps were seen although the one at lower 
field was partly obscured by the signal at 6. 21T due to the aromatic 
methoxy-group; at -80 ° two doublets from the apicial and equatorial 
rnethoxy-groups of a frozen trigonal bipyramid were seen (high 
field signal at 7. 13 T 	pH 11Hz), low field signal at 6. 15T, 
,t)= 99Hz, coalescence temperature _58 0 ± 20 ) . 
Hence nG 	(41.2±0.4) kJ mol 1 . 
2, 2-Dihydro-2, 2-dimethoxy-2, 3-diphenylbenz-1, 3, 2-
oxazaphospholine. At 28 ° the p. m. r. spectrum shows the following 
signals: 6.64 (d, 6H, 2POMe, J 
PH 
 12Hz), 3.86 (m, 1H, aromatic), 
- 3. 2-3. 58 (m, 3H, aromatic), 2. 2-2.85 (m, IOH, aromatic). 
Variable-temperature p. m. r. spectra of soludons in methylene 
chloride were recorded. As the temperature was varied the 
doublet of the methoxy-groups attached to phosphorus was monitored: 
at -58 ° the signal had collapsed to a very broad hump; at -70 ° two 
humps were seen; and at 850  two doublets from the apicial and 
equatorial methoxy-groups of a frozen trigonal bipyramid were seen 
(high field signal at 7. 22T 
pH  11Hz) , low field signal at 6. 19T (J 
14H48l):103Hz, coalescence temperature _590+  20 . 
Hence 6 G= (40.9+0.4) kJ mol 1 . 
IM 
9. Deoxygenation of Aryl 2-Nitrophenyl Sulphides. 
(a) Structural Reassignment of Diethyl N-Aryl- 
N- Ethylphos phoramidates 
In the deoxygenation of aryl 2-nitrophenyl sulphides by 
triethyl phosphite 	compounds thought to be by-products were 
isolated e. g. diethyl N- ethyl -N-[o-( 2-methoxyphenylthio)phenyl]-
phosphoramidate (17%). This compound has been reassigned as 
diethyl N-.2- ethylthiophenyl-N- 2-methoxyphenylphospho ramidate. 
P. m. r. : 8. 80 (t, 9H, 2POEt and SEt), 7. 18 (q, 21-I, SEt), 6. 34 
(s, 3H, ArOMe), 5.84 (quintet, 4H, 2POEt), 2. 08-3. 26 (m, 8H, 
aromatic). 	Mass: P rn/e 395 (70), 334 (100, m*  282. 5 (395-334)), 
306 (33), 278 (75). Exact Mass: Found: 334. 121436. C 17 H 21 N04P 
requires 334. 120812. 
Similarly the following compounds have been reassigned. 
(i) JJiethyl N- 2, 6- dimethoxyphenyl- N- 2- ethyithiophenyiphosphor- 
amidate (26%). P.m. r. : 8. 66-8. 94 (overlapping tts, 9H, 2POEt 
and SEt), 7. 28 (q, 2H, SEt), 6. 29 (s, 6H, 2ArOMe), 5. 81 (quintet, 
4H, 2POEt), 1.96-3.57 (m, 7H, aromatic). Mass: P m/e 425 
(100), 364 (42, m
* 
 312 (425-364)), 336 (8, rn 310 (364-336)), 
308 (17, rn*  282 (336-308)). 	(ii) Diethyl N-2-ethylthiophenyl-N- 
2,4, 6-trimethoxyphenylphosphoramidate 60 (26%). P. m. r. 
8. 82 (t, 3H, SEt, J 
HH 
 7. 5Hz), 8. 80 (d of t's, 6H, 2POEt, 
7Hz, J 
PH 
 1Hz), 7. 22 (q, 2H, SEt, J 	 7. 5Hz), 6. 28 (s, 9H,
HH 
3ArOMe), 5. 82 quintet, 4H, 2POEt), 3. 94 (s, 2H, aromatic), 
2.8-3. 0 (m, 3H, aromatic), 2. 0-2. 2 (rn, 1H, aromatic). 	Mass: 
* 
P m/e 455 (100), 394 (40, m 341 (455-394)), 366 (30), 338 (10). 
(iii) Diethyl N- 2, 5- dimethoxyphenyl-N- 2- ethylthiophenylpho spho 
amidate (15%). P. m. r. : 8. 78 (m, 9H, 2POEt and SEt), 7. 18 
(q, ZH, SEt), 6.40 (s, 3H, ArOMe), 6. 23 (s, 3H, ArOMe), 
5.82 (quintet, 4H, ZPOEt), 2. 18-3. 28 (m, 7H, aromatic). 	Mass: 
P m/e 425 (100), 364 (40, m* 312 (425-364)), 336 (20, m*  310 
(364-336)), 308 (32, m*  282 (336-308)). 	(iv) Diethyl N-2-ethyl- 
thiophenyl-N- 2, 4, 6 -trim ethylphenylphosphoramidate (66%). 
P.m. r. : 8.85 (rn, 9H, 2POEt and SEt), 7.75 (s, 3H, ArMe), 
7.62 (s, 6H, 2ArMe), 7.41 (q, 2H, SEt), 5. 92 (quintet, 4H, 
2POEt), 2. 0-3. 21 (m, 6H, aromatic). 	Mass: P m/e 407 (100), 
346 (96, m
* 
 294 (407-346)), 318 (32, m* 292 (346-318)), 	290 
(50, m*  264 (318-290)), 271 (60). 
(b) Reaction of 2, 6-Dimethyiphenyl 2-Nitrophenyl Sulphide 
With trimethyl phosphite. After reaction for 66 h low vacuum 
distillation left a dark brown oil which, on trituration in petrol/ether 
gave a batch of fawn crystals which were identified as dimethyl N-
2, 6- dimethylphenyl-N- 2- methyithiophenyiphosphoramidate (0. 76 g, 
29%), m.p. 110-111 0 (Found: C, 58.4; H, 6.4; N, 4.0. 
C 17 H 22NO 3PS requires C, 58. 1; H, 6. 3; N, 4. 0%). 1. r. 
t) 1260 (P:0), 1220 (ArO), 1175 (POMe), 1030 (CO and P0) cm ' . 
P.m. r. : 7.86 (s, 3H, SMe), 7.63 (s, 6H, 2ArMe), 6.33 (d, 6H, 
2POMe, J 	 12Hz), 2.8-3. 1 (m, 6H, aromatic), 2. 1 (m, 1H, 
aromatic). 	1P: -5.6. 	Mass: P m/e 351 (85), 304 (100, 
263 (351-304)), 289 (1), 242 (4), 226 (10), 194 (35). 
The residue was chromatographed on alumina (activity I, 
2 x 45 cm). Elution with petrol:ether (100:10) gave a colourless 
oil which was identified as 2, 6- dim ethyl- 2' -methyithiodiphenylamine 
(0.03 g, 1%). 	1. r. :1) 3350 (NH), 1300 (ArN) cm. 
-1 
 P.m. r. 
7. 90 (s, 6H, 2ArMe), 7. 70 (s, 3H, SMe), 2. 5-4. 0 (m, 8H, aromatic 
and NH). Mass: P m/e 243 (100), 213 (40, m*  187 (243-21 3)), 
196 (12, m 157. 5 (243-196)). Exact Mass: Found: 243. 107584. 
C 15H 17 NS requires 243. 108166. 
Elution with petrol : ether (100:30) gave unchanged starting 
material (0. 1 g, 4%) which was identified by its i. r. spectrum. 
Elution with petrol : ether (100:100) gave a yellow oil which was 
identified as 5, 1 1-dihydro-4-methyldibenzo[b, ][i, 4]thiazepine 
(0. 04 g, 2%) by its i. r. and p. m. r. spectra. 54 
Elution with ether :methanol (100:10) gave a brown solid 
which was identified as more of the phosphoramidate (0. 72 g, 21%) 
by its i. r. spectrum (accountancy: 57%). 
With triethyl phosphite. 	After reaction for 66 h low vacuum 
distillation left a dark brown oil which was chromatographed on 
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alumina (activity I, 2 x 45 cm). Elution with petrol : ether (100: 
10) gave a colourless oil which was identified as 2-ethylthio-2 1 , 6'-  
dim. ethyl diphenylamine (0.013 g, 0.5%). 	1. r. :1) 3360 (NH), 
1310 (ArN) cm- 
1. 
 P.m. r. : 8. 75 (t, 3H, SEt, 
3HH 
 7Hz), 7.85 
6H, 2ArMe), 7. 18 (q, 2H, SEt, J 
HH 
 7Hz), 3. 9 (m. 1H, aromatic), 
2.4-3.6 (m, 7H, aromatic and NH). Mass: P m/e 257 (100), 228 
(4), 213 (60), 196 (5), 194 (10). 	Exact Mass: Found: 257. 123787. 
C 16 H 19NS requires 257. 123814. 
Elution with petrol : ether (100:30) gave a yellow oil which 
was identified as unchanged starting material (0.01 g, 0. 4 %) by 
its i. r. spectrum. Elution with petrol : ether (100:100) gave a 
dark yellow oil which was identified as a crude sample of 5, 11-
dihydro-4-methyldibenzo[b,e][1,4]thiazepine (0.04 g, 1. 6%)by  its 
i. r. and p.m. r. spectra. 54 
Elution with ether gave diethyl N-2, 6-dirnethylphenyl-N-
2-ethylthiophenylphosphoramidate (2. 86 g, 73%), m. p. (from petrol, 
60-80° ) 560 (Found: C, 61. 0; H, 7. 2; N, 3.9. C 20 H 28 NO 3PS 
requires C, 61. 1; H, 7. 1; N, 3.6%). 	T. r. : V 1260 (P:O), 1220 
(ArO), 1170 (POEt), 1040 (CO and P0) cm'. P.m. r. : 8.95 
3H, SEt, J 
HH 
 7Hz), 8. 82 (d of t's, 6H, 2POEt, 
3HH 
 7Hz, 
PH 1Hz), 7. 62 (s, 6H, 2ArMe), 7.45 (q, 2H, SEt, J 	 7Hz),
HH 
5.9 (m, 41-1, 2POEt), 2.65-3. 10 (m, 6H, aromatic), 2.02 (m, 1H, 
aromatic). 	P: -3. 1. 	Mass: P m/e 393(100), 364 (4), 332 
- (58, m 280 (393-332)), 304 (7), 276 (27, m 250 (304-276)) 
(accountancy: 75. 5%). 
(c) Reaction of 2-.Nitrpphenyl 2, 4, 6-Trimethyiphenyl 
Sulphide. 
(i) With trimethyl phosphite. After reaction for 65 h high vacuum 
distillation gave the following fractions: (1) a colourless oil which 
was identified as trimethyl phosphate by its i r. spectrum; (2) 
a yellow oil (b. p. 160° /0. 05 mm) which solidified on cooling and 
which was identified as dimey. N-2-methy1thiophejy-N-2, 4,6-  
trim. ethyiphenyiphosphoramidate (3. 2 g, 87%), m. p. (from petrol/ 
111 
ether, 62% recovery) 113-114 °  (Found: C, 59. 1; H, 6. 7; N, 
3.7. C 18 H24 NO 3PS requires C, 59. 2; H, 6.6; N, 3 .8%). 
1. r. :t) 1260 (P:0), 1.060 and 1030 (CO and P0), 910 cm ' . P.m. r. 
7.83 and 7. 79 (two s's, 6H, SMe and ArMe), 7.68 (s, 6H, 2ArMe), 
6. 34 (d, 6H, 2POMe, J 
PH  12Hz), 3. 20 (s, 2H, aromatic), 2. 8- 
3. 1 (m, 3H, aromatic), 2. 16 (m, 1H, aromatic). 	31 P: -5. 7. 
Mass: P m/e 365 (70), 350 (2), 332 (2), 318 (100, m 277 (365-
318)), 208 (35) (accountancy: 87 %). 
(d) Reaction of 4-Methyiphenyl 2-Nitrophenyl Sulphide. 
(i) With triethyl phosphite. After reaction for 69 h low vacuum 
distillation left a dark oil which was chromatographed on alumina 
(activity I, 2 x 45 cm). Elution with petrol : ether (100:25) gave a 
white solid which was identified as 10- ethyl- 3- methyiphenothiazine 
(0.11 g, 5%). m. p. (sublimed) 130-132 0 (lit., 52 131-132° ). 
P. m. r. : 8. 67 (t, 3H, NEt, J 
H   7Hz), 7.80 (s, 3H, ArMe), 
6. 19 (bq, 2H, NEt, J
HH 
 7Hz), 2. 7-3. 5 (m, 	7H, aromatic). 
Elution with petrol:ether (100:100) gave a yellow solid which 
was identified as 3-methyiphenothiazine (1. 64 g, 77%), m. p. (from 
0 52 benzene, 83% recovery) and mixed m. p. 169-171 (lit. , 	169- 
171 ° ). 
Elution with ether :ethyl acetate (100:100) gave a brown 
liquid shown by its i. r. and p. m. r. spectra to be mainly triethyl 
phosphate (0. 54 g) (accountancy: 8 2%). 
In a similar experiment 4-methylphenyl 2-nitrophenyl 
sulphide (2.45 g, 0. 01 n-iol) and triethyl phosphite (16. 7 g, 0. 1 mol) 
in cumene (20 ml) were boiled under reflux for 65 h. Low vacuum 
distillation left a brown oil which was chromatographed on alumina. 
Elution with petrol :ether (100:15) gave a colourless solid which was 
identified as lO- ethyl- 3-methylphenothiazine (0. 17 g, 7%), m. p. 
131-133° . 	Elution with petrol: ether (75:100) gave a pale yellow 





Elution with ether: ethyl acetate (100:100) gave a brown 
liquid shown by its i. r. spectrum to contain triethyl phosphate. 
This was removed by high vacuum distillation leaving a brown oil 
(0.41 g) which on trituration with petrol gave a white solid which 
was identified as diethyl N-2- ethylthiophenyl-N-4 -methyiphenyl-
phosphoramidate (0. 22 g, 6 %), m. p.  58-59 0 (Found: C, 60.4; 
H, 7. 1; N, 3. 5. C 19 H 26 NO 3PS requires C, 60. 2; H, 6. 9; N, 
3 . 7 %). 	1. r. :\) 1260 (P:O and ArO), 1160 (w, POEt), 1050 and 
1020 (CO and P0), 970 (POEt) cm ' . P.m. r. : 8. 56-8.74 (over-
lapping t's, 9H, 2POEt and SEt), 7. 74 (s, 3H, ArMe), 7. 12 (q, 
2H, SEt, J 
HH 
 7Hz), 5. 80 (m, 4H, 2POEt, J 
HH 
 7Hz, J 	8Hz),
PH 
2. 5-3. 1 (m, 8H, aromatic). 	Mass: P m/e 379 (100), 351 (0. 2, 
* 	 * 
m 325 (379-351)), 318 (24, m 267 (379-318)), 290 (10), 262 
(28) (accountancy: 6 2%). 
In a similar experiment 4-methylphenyl 2-nitrophenyl ether 
(2.45 g, 0.01 mol) in triethyl phosphite (20 g, 0. 12 mol) was boiled 
under reflux for 6 h. Low and high vacuum distillations left a 
black oil which was chromatographed on alumina (activity I, 2 x 50 
cm). Elution with petrol :ether (100:15) gave 10-ethyl-3-methyl-
phenothiazine (0. 16 g 7%), m. p.  129-131 ° . Elution with petrol: 




Elution with ethyl acetate :ether (100:100) gave a brown oil 
which was triturated in petrol to give the phosphoramidate (0. 28 g, 
7%), m. p. 58-59" . 
Elution with ethyl acetate gave a brown oil which on tritura-
tion in petrol gave a white solid which was identified as diethyl 2-
(4-methylphenylthio)- 3H-azepin-7-ylphosphonate (0. 09 g, 2. 5%), 
rn. p. (sublimed) 71-73 
0 
  (Found: C, 58. 3; H, 6.6; N, 3. 9. 
C 17 H 22NO3PS requires C, 58. 1; H, 6. 3; N, 4. 0%). 	1. r. 
.) 1240(P:O), 1165(w, POEt), 1110, 1060 and 1030 (CO and P0), 
975 (POEt) cm- 
1. 
 P.m. r. 8.86 (t, 6H, 2POEt, J 
HH 
 7Hz), 
7.68 (s, 3H, ArMe), 7. 20 (d, 2H, CH2,i 
HH 
 7Hz), 6. 12 (m, 4H, 
2POEt), 4.58 (m, 1H, azepine), 3. 60 (m, 1H, azepine), 3. 12 
(d of d's, 1H, azepine, J 
HEJ 
 6Hz, J 
pH 
 14Hz), 2.78 (m, 4H, aromatic). 
Mass: P m/e 351 (100), 336 (2), 322 (4, m 297 (351-322)), 
254 (7), 243 (33), 242 (37) (accountancy: 63%) . 71  151 
Reaction of 2-Nitrophenyl 2-Pyridyl Sulphide. 
(i) With triethyl phosphite. After reaction for 64 h low vacuum 
distillation left a very black oil which was chromatographed on 
alumina but no pure products were obtained. 
In a similar reaction 2-nitrophenyl 2-pyridyl sulphide 
(2. 32 g, 0. 01 mol) and triethyl phosphite (20 g, 0. 12 mol) were 
boiled under reflux for 5 h. The black oil which was isolated 
after low vacuum distillation was chromatographed on alumina. 
Elution with ether gave a yellow oil, which slowly solidified and 
which was identified as pyrido[l, 2-b]indazo].e (0. 037 g, 2.2%), m. p. 
and mixed m. p. (sublimed) 76-79° (lit. , 
	
83-84° ). 	I. r. 
) 1645 cm- 1. P.m. r. : 1. 1-3.0 (aromatic). Mass: P m/e 168. 
Reaction of 2-Nitrophenyl 2-Pyrimidyl Sulphide. 
(i) With triethyl phosphite. After reaction for 64 h low vacuum 
distillation left a very black oil which was chromatographed on 
alumina. Elution with ether gave a yellow solid which was iden-
tified as pyrimido[1, 2-b]indazole (008 g, 4. 7%), m. p. (sublimed) 
122-123° (Found: C, 71.05; H, 4.5; N, 24.3. C 10H7 N 3 
requires C, 71.0; H, 4. 1; N, 24. 85%). 	I. r. :10 1640 cm 1 . 
P.m. r. : 1.0-3.0 (aromatic). Mass: P m/e 169. Exact Mass: 
Found: 169.064251. C 10N7 N 3 requires 169.063994. 
Reaction of 4-Hydroxy-2, 6-dimethy].pheny]. 2-Nitro-
phenyl Sulphide. 
(i) With triethyl phosphite. After reaction for 64 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
shown by its i. r. spectrum to be triethyl phosphate; (2) a light 
yellow oil (b. p. 114-l80 ° /O. 03 mm), (2. 1 g), which was chromato-
graphed on alumina. Elution with petrol : ether (100:1) gave a light 
yellow solid which was identified as 4-ethoxy-2'-ethylthio-2, 6- 
114 
dirr,ethy1diphenylamine (0. 19 g, 6. 5%),  m. p. (sublimed) 66-680 
(Found: C, 72.0; H, 7. 9; N, 4. 55. C 18H 23NOS requires C, 
71.8; H, 7.6; N, 4.65%). 	I.r.:) 3360 (NH), 1305 (ArN), 
1155 (CO), 1060 (CO) cm- 1. P.m. r. : 8.68 (overlapping t's, 
6H, OEt and SEt), 7. 87 (s, 6H, 2ArMe), 7. 20 (q, 2H, SEt, 
HH 7Hz), 6. 02 (q, 2H, OE t, J 
HH  7Hz), 3. 93 (m, 1H, aromatic), 
2. 9-3. 75 (m, 5H, aromatic and NH), 2. 60 (m, 1H, aromatic). 
Mass: P m/e 301 (100), 272 (30, m 
*
246 (301-272)), 257 (18), 
240 (1). 
Elution with ethyl acetate gave a dark solid which was 
identified as 4 -(2- ethylthioanilino)- 3, 5-dim ethyiphenol (0. 18 g. 
6. 7 %), m. p. (sublimed) 147-149 0 (Found: C, 70. 0; H, 7. 0; 
N, 5. 1. C 16 H19NOS requires C, 70. 3; H, 7.0; N, 5. 1%). 
I. r. :1) 3595 and 3100-3450 (OH and NH), 1305 (ArN), 1145 cm ' . 
P.m. r. : 8. 75 (t, 3H, SEt, J 
HH  7Hz), 7. 90 (s, 6H, 2ArMe), 
7. 18 (q, 2H, SEt, J 
HH 
 7Hz), 5. 14 (b s, 1H, OH), 3.92 (ni, 1H, 
aromatic), 3. 66 (bs, 1H, NH), 3. 3-3. 5 (m, 3H, aromatic), 2. 97 
(m, 1H, aromatic), 2.57 (m, 1H, aromatic). Mass: P m/e 273 
(100), 257 (8), 244 (4), 229 (70), 212 (6) (accountancy: 13. 2%). 
In a replicate experiment the oil obtained after high vacuum 
distillation was hydrolysed by method B. Elution with petrol:ether 
(100:20) gave 4- ethoxy- 2'- ethylthio - 2, 6-dim ethyldiphenylamine 
(0. 35 g, 24%) which was identified by its i. r. spectrum. Elution 
- with ethyl acetate gave 4-(2-ethylthioaniiino)-3, 5-dimethyiphenol 
(0.34 g, 25%) which was identified by its i. r. ..pectrum (accoun-
tancy: 4 9%). 
(h) Reaction of 2-Hydroxy-4, 6-dimethyphenyl 2-Nitro-
phenyl Sulphide. 
(i) With triethyl phosphite. After reaction for 40 h high vacuum 
distillation gave the following fractions: (1) a colourless liquid 
shown by its i. r. spectrum to be triethyl phosphate; () a yellow 
oil (b. p. 160-178° / a. 03 mm), (2. 3 g) which was chromatographed 
on alumina. Elution with petrol:ether (100:20) gave a yellow oil 
and elution with petrol:ether (50:100) gave a brown oil, both of 
1 1 
which were shown to be mixtures by g. 1. c. analysis. Elution 
with ether gave a brown oil which was identified as 2-(2-ethyl-
thioanilino)-3, 5-dimethyiphenol (0.46 g. 16 %). 1. r. : ) 3250- 
3550  (OH and NH), 1310 (ArN), 1260 (ArO) cm 	P.m. r. 
8. 74 (t, 3H, SEt, 
3HH  7Hz), 7. 98 (s, 3H, ArMe), 7. 77 (s, 3H, 
ArMe), 7. 18 (q, 2H, SEt, J 
HH 
 7Hz), 3. 8 (bs, 2H, OH and NH), 
2. 5-3. 9 (m, 6H, aromatic). Mass: P m/e 273 (100), 244 (4), 
229 (37), 228 (30), 227 (20) 1 212 (10, m*  165 (273-21 2)). 	Exact 
Mass: Found: 273.118149. C 16 H 19NOS requires 273.118728. 
Elution with ethyl acetate: methanol (100:1) gave more of this 
compound (0. 15 g, 5%) (accountancy: 2 1%). 
10. Thermolysis of Aryl 2-Azidophenyl Sulphides, 
(a) Thermolysis of 2-Azidophenyl 4-Hydrox- 
2, 6-dimethyiphenyl Sulphide. 
The azide (2. 71 g, 0. 01 mol) was added over 30 min to 
decalin (80 ml)maintained at 150-160 ° under an atmosphere of 
nitrogen. The solution was then boiled under reflux for 2 h. The 
decalin was removed by distillation and the dark residual oil was 
chromatographed on alumina. Elution with petrol: ether (100:100) 
gave a yellow solid which was identified as 4-hydro-1,4a-dimnethyl-
3-oxo-4aH-phenothiazine (0. 68 g, 28%), m. p. (from petrol/ether, 
50% recovery) 74-75 ° (Found: C, 69. 2; H, 5.6; N, 5. 7. 
C 14 H 13NOS requires C, 69. 1; H, 5. 35; N, 5. 8%). 	1. r. 
1675 (C:O) cm- 1. P.m. r.: 8.86 (s, 3H, 4aMe), 7. 73 (d, 3H, 
Me, J 
HH 
 1Hz), 7. 09 (s, 2H, CH 2), 3.53 (bs, 1H, olefinic), 2. 6-
2.8 (m, 3H, aromatic), 2.49 (m, 1H, aromatic). Mass: P m/e 
243 (100), 228 (70), 214 (24), 202 (65). 
(b) Thermolysis of 2-Azidophenvl 2-Hydroxy-4, 6-
dimethyiphenyl Sulphide. 
The azide (2. 71 g, 0. 01 mol) was added over 1 h to decalin (80 ml) 
maintained at 150-160 
0
under an atmosphere of nitrogen. The 
116 
solution was maintained at this temperature overnight and then 
boiled under reflux for 1 h. The decalin was removed by distilla-
tion and the residual tar was chromato graphed on alumina. 
Elution with petrol : ether (100:10) gave a white solid which was 
identified as 2-hydro- 3, 4a- dim ethyl- 1 -oxo-4aH-phenothiazine 
(0.16g. 6 .5%), m. p. 102-103 0 (Found: C, 69.1; H, 5.4; N, 
5.6%). 	I. r. : i) 1680 (C:O) cm- 1. 	P.m. r. 8. 04 (s, 3H, 4aMe), 
7. 96 (d, 3H, Me, J 1. 5Hz), 7. 14 (s, 211, CH 2), 4. 15 (bs, 1H,HH 
olefinic), 2.60-2. 95 (ni, 31-i, aromatic), 1.68 (m, 1H, aromatic). 
Mass: P nile 243 (100), 228 (20), 214 (80), 200 (35). 
Elution with petrol : ether (100:25) gave a red oil which was 
identified as 4-hydro-3, 4a-dimethyl- 1 -oxo-4a H-phenothiazine 
(0.06 g, 2. 3%). 	I. r. : -0 1700 (C:O) cm . 	P.m. r. : 8. 34 (s, 
3H, 4aMe), 7. 78 (bs, 3H, Me), 7. 25 and 6. 16 (AB system, 2H, 
CHZJAB 19Hz, 'AB 105. 3Hz), 4. 06 (bs, 1H, olefinic), 2. 5- 
2.75 (m, 2H, aromatic), 2.0-2.2 (m, 2H, aromatic). Mass: 
P m/e 243 (100), 228 (30), 214 (100), 200 (60). Exact Mass: 
Found: 243.071287. C 14 H 13NOS requires 243.071780. 
11. X-Ray Structures 
The crystal structure of 3-(2, 6-dimethylphenyl)-2, 2-di-
hydro-2, 2, 2-trin-iethoxybenz-1, 3, 2-oxazaphospholine was found 
- to be approximately trigonal bipyrarnidal about the phosphorus 
atom. The aminotetroxyphosphorane was recrstal1ised from 
petrol. The solution was left to stand overnight, allowing slow 
crystallisation and giving colourless crystals, m. p. 129-130 0 
. 
Crystal data: C 17 1-1 22N0P, M = 335, monoclinic, 
a = 6.93+ 0. 02, b = 20. 26+0. 04, C = 12. 13+ 0.03 R, P = 
96.7+0.4° , U = 1690 R 3, Z = 4, Dc = 1.317 g cm 3 . Space 
group P21/n, Cu Ka -radiation. single crystal rotation and 
oscillation photographs. 
The molecular geometry of the compound is shown in 














fig. 2 C 
11 
10 
Bond lengths () have standard deviations + 0. oiX for P-O and 
P-N and + 0. 025 for other bonds. Bond angles (°) have standard 
deviations + 0.06 
0 
about the phosphorus atom and + 1. 5 o for other 
angles. 
The crystal structure of 3-(2, 6-dimethylphenyl)-2-hydroxy-
2-oxobenz-1, 3, 2-oxazaphospholine was found to be approximately 
tetrahedral about the phosphorus atom. The compound was re-
crystallised from benzene. The solution was left to stand over-




Crystal data: C 14 H 14 NO3P, M = 275, monoclinic, 
a = 10. 786+ 0. 004, b = 13. 222+ 0. 005, C = 9.635 + 0. 004 
90.0+0.2° 	U = 1372, Dm =1. 327 g 
cm- 3
, Z = 4, 
Dc = 1. 333 g cm- 3. Space group P21 / c Cu Ka- radiation, single 
crystal rotation and oscillation photographs. 
The molecular geometry of the compound is shown in 
Figure 2. Bond lengths and bond angles are given in Table 2. 
Bond lengths (R) have standard deviations f 0. 004.R for P-O and 
P-N and +0.OlR for other bonds. Bond angles (X) have 
standard deviations + 0. 2 ° about the phosphorus atom and + 0. 6 
for other angles. 
118 
Bond Angles 
176.0 C(1)-C(2)-C(3) 122 
91.9 C(2)-C(3)-C(4) 118 
90.4 C(3)-C(4)-C(5) 122 
86.7 C(4)-C(5)-c(6) 120 
123.9 C(5)-C(6)-C(1) 119 
124.3 C(6)-C(1)-c(2) 120 
111.8 0(1)-c(1)-c(6) 128 
90.3 N-C(2)-C(3) 130 
91.8 N-C(7)-C(8) 117 
89.3 N-C(7)-C(12) 120 
C(7)-c(8)-c(9) 119 
117 C(8)-C(9)-c(10) 118 
112 C(9)-C(10)-C(11) 121 
108 C(10)-C(11)-C(].2) 123 
117 C(11)-C(12)-c(7) 115 
117 C(13)-C(8)-c(7) 120 
126 C(13)-C(8)-c(9) 121 
122 C(14)-C(12)-c(7) 119 
129 C(14)-C(12)-C(11) 126 
124 C(12)-C(7)-C(8) 123 
Bond Lengths 
P-0(1) 1.74 0(1)-P-0(16) 
P-N 1.68 0(1)-P-0(15) 
P-0(16) 1.61 0(1)-P-0(17) 
P-0(15) 1.60 0(1)-p-N 
P-0(17) 1.57 N-P-0(15) 
N-P-0(17) 
0(1)-C(1) 1.30 0(15)-P-0(17) 
N-C(2) 1.40 0(16)-P-0(15) 
C(1)-C(2) 1.43 0(16)-P-0(17) 
N-C(7) 1.46 0(16)-P-N 
0(15)-C(15)1.42 
0(17)-C(17) 1. 50 P-0(1)-C(1) 
0(16)-C(16) 1.43 0(1)-C(1)-C(2) 
C(1)-C(2)-N 
C(1)-C(2) 1.43 C(2)-N-P 
C(2)-C(3) 1.42 C(2)-N-C(7) 
C(3)-C(4) 1.36 C(7)-N-P 
C(4)-C(5) 1.41 P-0(16)-C(16) 
C(5)-C(6) 1.43 P-0(15)-C(15) 











Bond Lengths Bond Angles 
p-0(l) 1.599 0(1)-P-N 96.3 
P-N 1.646 0(l)-P-0(2) 108.9 
p-o(2) 1.526 0(1)-P-0(3) 111.5 
F-0(3) 1.476 0(2)-P-N 100.3 
0(2)-P-0(3) 112.4 
o(i)-C(i) 1.40 0(3)-P-N 116.1 
c(1)-C(2) 1.37 
c(2)-N 1.41 p-0(1)-C(1) 110.3 
N-C(7) 1.425 0(1)-C(1)-C(2) 112.9 
c(1)-C(2)-N 110.9 
c(1)-C(2) 1.37 C(2)-N-C(7) 123.9 
C(2)-C(3) 1.385 C(2)-N-P 109.6 


































12 	Thermolysis of 2-Azidophenvi 2, 6-Dimethvlphenvl Ether 
in Triethyl Phosphate 
The azide (2. 39 g, 0. 01 mol) was added over 30 min to the 
stirred triethyl phosphate (50 ml) kept at 160 0 under an atmosphere 
of nitrogen. The temperature of the solution was then raised to 
220° and kept steady for 1 h. The solvent was removed by dis-
tillation and the residual oil was distilled under high vacuum giving 
the following fractions: (1) a colourless liquid (b. p.  380 /0. 05 mm) 
identified by its 1. r. spectrum as triethyl phosphate; (2) a red-
brown oil which slowly solidified (b. p.  118. 5-121 0 /0. 05 mm) and 
which was identified by p. m. r. analysis 
60 
 as a crude sample of 
5, 11-dihydro-4-methyldibenz[b,e][1,4]oxazepine (1.55 g, 73%). 
Purification of this material by chromatography on alumina gave 
the oxazepine (1. 16 g, 55%) as a white solid identified by its m. p. 
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DISC USSION 
I 	Preparation, Structure and Reactions of Pentacoordinate 
Oxyphosphoranes: Deoxygenation of Aryl 2-Nitrophenyl 
Ethers. 
1 	Structural Assignment 
Cadogan and Lim 
64
studied the thermal decomposition of 
2-azidophenyl 2, 6-dimethyiphenyl ether in decalin and obtained a 
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 attempted the reductive cyclisation of the corres-
ponding nitro-compound (2) with triethyl phosphite (four equivalents) 
in boiling cumene and, after chromatography on alumina, a trace 
amount (0. 5%) of the oxazepine and an interesting phosphorus-
containing heterocycle in high yield, which was assigned a 
phosphoranylideneazepine structure (3), was found (Scheme 2). 
The structure of this compound has now been reassigned as 









(2) 	Scheme 2 
mass, p. m. r. and i. r. spectra, and its hydrolysis to a cyclic 
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The phosphorus magnetic resonance spectrum ( 31 P) of 
the oxazaphospholine (4) showed one peak with a chemical shift 
60 p. p. m. upfield from the phosphoric acid standard. This is a 
characteristic feature of pentacoordinate oxyphosphoranes, 75 ,152 
and rules out the alternative structure (3) or an open dipolar 














The mass spectrum of the compound showed the following 
major peaks: Pm/c 377 (100), 349 (9, m* 33 (377-349)), 332 
(22), 321 (1, m 295 (349-321)), 194 (100, m 101 (377-194)). 
Exact mass measurement on the peaks at 377 and 194 showed that 
they were due to the ions of formulae C 20 H 	NO4P and C 14 H 12N. 
The lost fragment, C 6 H 1604P or (EtO) 3POH, could not be 
envisaged on the basis of the original structure (3) but can be 
fairly readily explained on the basis of the reassigned structure 
(4) (Scheme 3). A series of Mc Lafferty rearrangements with loss 
of ethylene was also noted (Scheme 3). 
++ 	 + 
1. 	 OEt1 OD a0-, / OD P(0E03 --c> NH 	'0 NH 0H 
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The p. m. r. spectrum of the compound gave the following 
signals (fig. 1): 9. 0 (d of t's, 9H, 3FOEt, J 	 7Hz, J 	 1. 6Hz),
HH 
7. 88 (s, 61-i, 2ArMe), 6. 10 (d of q's, 6H, 3POEt, J 	 7Hz,
HH 
3pH 8. 8Hz), 4. 14 (m, 1H, aromatic), 3. 1-3. 6 (m, 3H, aromatic), 
2. 98 (s, 3H, aromatic). Thus the phosphorus coupling to the 
C1O,,P/OEtt  N "QEt 
MejMe 
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I 	 I 	 I 	
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protons of the ethoxy-groups can be seen even in the signal due 
to the methyl protons. The three aromatic protons of the 2, 6- 
dimethyiphenyl group give rise to one signal at 2. 98T and the high 
field signal at 4. 14T is assigned to the aromatic proton at the 4-
position (4) which is shielded by the ring current effect of the 2, 6-
dimethyiphenyl ring, which probably lies in a plane orthogonal to 
that of the oxazaphospholine ring to have such a noticeable effect. 
This assignment was confirmed by the synthesis of the correspond-
ing oxazaphospholine (fig. 2) with a methyl substituent in the 5-
position the p. m. r. spectrum of which (fig. 2) showed a high field 
aromatic signal at 4. ZBT no longer showing the major ortho- 
coupling seen in the signal at 4. 14T in the parent compound's spectrum. 
The 1. r. spectrum of the oxazaphospholine (4) gave the 
following signals (fig. 3): 1305 (ArN), 1270 (ArO), 1160 (w, POEt), 
1065 (CO), 980 (POEt), 925 cm ' . A similar pattern of peaks 
was found in the i. r. spectra of other members of the series of 
oxazaphospholines which have been prepared. 
The corresponding oxazaphospholine prepared from 2, 6-
dimethylphenyl 2-nitrophenyl ether and trimethyl phosphite gave, 
on recrystallisation from petrol,crystals suitable for X-ray 
analysis (fig. 4). The compound shows trigonal bipyramidal 
geometry about phosphorus with only slight deviations from the 
ideal bond angles (Table 1). The five-membered oxazaphospholine 
ring bridges from an axial oxygen atom 0(1) to an equatorial 
nitrogen atom N. There are two equatorial methoxy-groups, 
attached to phosphorus via oxygen atoms 0(15) and 0(17), and one 
axial methoxy-group attached to phosphorus via the oxygen atom 
0(16). The endocyclic axial bond P-0(1) is longer than the endo-
cyclic equatorial bond P-N and the exocyclic axial bond P-0(16) 
is longer than the exocyclic equatorial bond P-0(17) but only just 
longer than the other equatorial bond P-0(15). The oxazaphospholine 
bonds 0(1)-C(1) and N-C(2) are comparatively short (Table 1). The 
benzoxazaphospholine ring is nearly planar as is the 2, 6-dimethyl-





the nitrogen atom to be p2  hybridised (Table 1). 
Bond Lengths () 
0(16)-C(16) 	1.43 
N-C(7) 	1.46 
Bond Angles (°) Bond Angles (°) 
about phosphorus about nitrogen 
0(l)-P-0(16) 176, 0 C(2)-N-P 	117 
0(1)-P-0(15) 91.9 C(2)-N-C(7) 	117 
0(1)-P-0(17) 90.4 C(7)-N-P 	126 




0(16)-P-0(15) 90. 3 
0(16)-P-0(17) 91.8 
0(16)-P-N 89. 3 







Bond Lengths (R) 




The axial bonds to phosphorus are longer than the equatorial 
bonds because of greater back-donation of electron-density from 
the equatorial ligands to empty d orbitals of phosphorus. 
83 
 The 
very long bonds P-01) and P-N, and the short bonds 0(1)-C(1) and 
N-C(2), lend weight to the views of Ramirez and his co-workers 74,79  
that competition occurs for the electron-density on the phosphorus 
ligands, the oxygen and nitrogen atoms in this case, between the 
empty d orbitals of phosphorus and the T1 electron-cloud of 
adjacent aromatic systems. In order to have a filled p orbital 
positioned for overlap with adjacent orbitals the nitrogen atom 
must be sp 2  hybridised as was confirmed. 
Ramirez and his co-workers 74, 	in studies of other penta- 
coordinate phosphoranes (8) and (9) found similar features in their 
crystal structures (Table 2). 
In compound (9) the phenyl substituent on the p2  hybridised 














phospholene ring. This shows that the steric effect of the ortho-
methyl groups of the oxazaphospholine (fig. 4) which prevents 
rotation about the bond N-C(7) is not the only reason for the 
approximate orthogonality of the 2, 6-dimethyiphenyl group to 
the plane of the oxazaphospholine ring and that compounds in the 
series without blocking ortho-groups should still show the same 
features. 
Ramirez also suggested 
79 
 that the deviations from trigonal 
bipyramidal geometry in compound (9) especially the narrow 
diequatorial angle 0(l)-P-0(3) indicated that the compound was 
likely to undergo turnstile rotation in solution since it has been 
proposed 
83 
 that this angle must decrease to 900 during the turn-
stile rotation mechanism. A similar narrowing of the diequatorial 
angle 0(15)-F-0(17) is observed in the oxazaphospholine (fig. 4). 
The oxazaphospholine (4) was rapidly hydrolysed by 
atmospheric moisture to a cyclic phosphorarnidate, which on 
recrystallisation from benzene gave crystals suitable for X-ray 
analysis (fig. 5). The compound has an essentially planar five-
membered oxazaphospholine ring and distorted tetrahedral geometry 
about the phosphorus atom with angles ranging from 96. 3 ° to 








Bond Angles (°) Bond Lengths (X) 
about phosphorus 
Compound (8) Compound (8) 
0(1)-P-0(3) 177. 9 P- O(l) 1. 75 
0(1)-P-0(2) 89.3 P-O(3) 1.63 
0(3)P-0(2) 88.6 P-O(2) 1.64 
0(3)-P-0(4) 91.3 P-O(4) 1.59 
0(3)-P-0(5) 93.1 P-O(5) 1. 57 
0(2)-p-0(4) 117.2 C(1)-O(l) 1.35 
0(4)-P-0(5) 117.2 C(2)-O(2) 1.43 
0(2)-P-0(5) 125.5 
Bond Angles (°) 	 Bond Lengths () 
about phosphorus and nitrogen 
Compound (9) 	 Compound (9) 
0(2)-P-0(4) 169.8 P-O(4) 1.75 
0(2)-P-0(3) 98.4 P-O(2) 1.63 
0(2)-P-0(1) 97.1 P - O(l) 1.60 
0(2)-P-N(1) 86.4 P-O(3) 1.59 
0(4)-P-N(1) 83.8 P-N(1) 1.67 
0(1)-P-0(3) 106.3 
0(1)-P-N(1) 129.5 O(4)-C(19) 1.31 






The nitrogen atom is 	hybridised and overlap of the filled 2 
orbital with, either an empty d orbital of phosphorus, or the IT 
electron-cloud at carbon atom C(2) of the benzene ring, is possible. 
129 
The planes of the oxazaphospholine ring and the 2, 6-dirnethyiphenyl 
group are nearly orthogonal. 
Bond Angles (°) 
	
Bond Lengths (X) 



































Ramirez and his co-workers 
121 
 determined the crystal 
structure of the dioxaphospholene (10) which had an essentially 
planar dioxaphospholene ring and distorted tetrahedral geometry 
about the phosphorus atom (Table 4). 
Mef.Oo 
6 







Bond Angles (°) 
	
Bond Lengths (R) 
about phosphorus 
0(1)-P-0(3) 98.5 P-o(1) 1.59 
0(1)-P-0(2) 106.8 P-0(2) 1.53 
0(2)-P-0(3) 108.9 P-0(3) 1.57 
0(1)-P-0(4) 116.8 P-0(4) 1.38 
0(2)-P-0(4) 109.5 




Both of these compounds show angle strain at phosphorus 
especially with the narrow ring angles 0(1)-P-N (fig. 5) and 
0(1)-P-0(3) in compound (10). 
There also seems to be evidence for competition between 
the d orbitals of phosphorus and the TT electron-cloud on the 
adjacent unsaturated systems for the filled 2  orbitals of the oxygen 
atoms 0(1) in fig. 5, and 0(1) and 0(3) in compound (10), and of the 
nitrogen atom N in fig. 5. Thus in fig. 5 the endocyclic bonds 
P-0(1) and P-N are appreciably longer than the exocyclic single 
bond P-0(2) and in compound (10) the endocyclic bonds P-0(1) and 
P-0(3) are appreciably longer than the exocyclic a ingle bond P-0(2). 
Similarly the endocyclic bonds 0(1)-C(l) and N-C(2) in fig. 5, and 
C(l)-0(1) and C(2)-0(3) in compound (10) appear to be shortened in 
comparison with the exocyclic bond C(5)-0(2) in compound (10). 
Hydrolysis of the oxazaphospholine (4) in acidic solution gave 
the expected product, an anilinophenol (6) with complete removal of 
the phosphorus as shown by its analysis, i. r. , p. m. r. and mass 
spectra as described in the Experimental section. 
2 Preparation of Pentacoo rdinate Oxyphospho ranes 
Thus treatment of 2, 6-dimethyiphenyl 2-nitrophenyl ether with 
131 
triethyl phosphite (4 equivalents) in boiling cumene gave on distil-
lation the benzoxazaphospholine (11; 82%).  Hydrolysis of the 
residues from the distillation, in acidic solution, gave 2-(2, 6-  
dim ethylanilino)phenol (12; 11%)  as shown by comparison (i. r.) 
with the authentic sample. In a replicate experiment the product 
was worked-up by chromatography on alumina giving the oxaza-
phospholine (35%), identified by comparison (m. p., i. r., and 
p.m. r. spectra) with the authentic sample, 5, 11-dihydro-4-methyldibenz- 
1,4]oxazepine (13; 3%),  as shown by comparison (i. r. and 
p.m. r. spectra) with an authentic sample, 
60 
 2-ethoxy-2', 6'-  
dim ethyldiphenylamine (14; 6%), identified on the basis of its 
analysis, i. r., p.m. r., and mass spectra, and 2-(2, 6-dimethyl- 
anilino)phenol (6%), identified by comparison (i. r. and p. m. r. spectra) 
with the authentic sample. 
These results point to the mechanism outlined in Scheme 4 
whereby the first formed nitrene (15) attacks the 1-position of the 
adjacent aromatic ring to give a spirodienyl intermediate which 
either reacts to form a trace of the oxazepine (13) found in the cor-
responding azide decomposition or reacts with an excess of triethyl 
phosphite probably with the character of the quinone imine canonical 
form (16) to give a dipolar intermediate which is stabilised by 
cyclisation to the oxazaphospholine (11). 
The small amount of oxazepine formed precludes its isolation 
by distillation. Hydrolysis of the oxazaphospholine to the anilino-
phenol may have occurred to a small extent in the reaction flask and 
ethylation of the phenol group by triethyl phosphate could account 
for formation of the diphenylamine. However it is also possible 
that the diphenylamine arises by hydrolysis of the oxazaphospholine 
on the column via an acyclic phosphoramidate (17) (Scheme 5). The 
oxazaphospholine is also hydrolysed under various conditions via a 
series of cyclic phosphoramidates and acyclic phosphates to the 
anilinophenol in a parallel set of reactions to those noted by Ramirez 
and his co-workers 121, 124, 125 (see Schemes 82 and 83 in the 
Introduction). The cyclic phosphoramidate (18) was isolated under 
Me 
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neutral conditions, as mentioned above, and the acyclic phosphate 
(19), identified on the basis of its i. r. , p.m. r., mass, and exact 
mass spectra, was isolated under basic conditions as described in 
the Experimental section. These phosphates and phosphorarnidates 
may be formed to a small extent by hydrolysis in the reaction 
mixture or by thermolysis during distillation and then left in the 
distillation flask because of their involatility. This explains the 
observed hydrolysis of the distillation residues to the anilinophenol. 
Hydrolysis of some of the oxazaphospholine on the column to form 
stable phosphates and phosphoramidates, which are usually too 
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R 1 R 2 R 3 R4 R 5 Yield M. P. *Analysis (%) +Other Products 
(%) C H N (%) 
OEt OEt Me H H 82 36-38
0 
 63.55 . 7.6 4.0 AP (11) 
63.7 .7.4 3.7 
OMe OMe Me H H 62 129-130° 60.8 6. 5 4.4 DA (3), 	AP (18) 
60.9 6.6 4.2 
OPr ' OPr 1 Me H H 64 51-53° 
 
66.1 8. 3 3. 75 AP (33) 
65.9 8.1 3.3 
OEt Me Me H H 95 42-44° 65.6 7.5 4.1 
65.7 7.5 4.0 
OEt OEt Me H Me 87 51-53° 64.8 7.7 3.7 
64.45 7.7 3.6 
OEt OEt Me Me H 85 34-37 ° 64.5 7.6 4.0 
64.45 7.7 3.6 
OMe OMe Me Me H 72 79-81 ° 62. 0 7.0 4.1 AP (17.5) 
61.9 6.9 4.0 
OPr ' OPr ' Me Me H 12 62-64 ° 66. 3 8.3 3. 2 DA (3), 	Ox (1. 5), PA (1), 
66. 5 8.3 3. 2 AP (66) 
* 
Upper row corresponds to 'Found' values, lower row corresponds to 'Caic. ' values. 
+ All structures were confirmed by comparison (i. r. spectrum) with an authentic sample or identified 
on the basis of i. r., p.m. r., and mass spectral data, and exact mass or analytical data as described 
in the Experimental section. 
AP = an anilinophenol, DA = a diphenylamine, Ox = an oxazepine, PA = a phosphoramidate. 
Similarly (Table 5) 2, 6-dimethyiphenyl 2-nitrophenyl ether 
on treatment with trimethyl phosphite, tri-isopropyl phosphite and 
diethyl methyiphosphonite gave on distillation the expected oxaza-
phospholines, identified by analytical, 
31 
 P j p. m. r., i. r., and 
mass spectral data, in yields of 62, 64, and 95% respectively. 
In addition the expected 2- alkoxy- 2', 6'- dim ethyldiphenylamines 
and 2-(2,6 -dim ethylanilino) phenol were formed on hydrolysis of 
the distillation residues (Table 5). 	2, 6-Dirnethylphenyl 4-methyl- 
2-nitrophenyl ether similarly reacted with triethyl phosphite to 
give the expected oxazaphospholine (87%). 
Lim 
60 
 treated 2-nitrophenyl 2, 4, 6-trimethyiphenyl ether 
with triethyl phosphite in boiling cumene and obtained by chromato-
graphy on alumina a compound which was identified as the phosphor-
anylideneazepine (20; 62%)  and, in addition, a small amount of 
51 1 1-dihydro- 2, 4-dimethyldibenz[b, eJ[i, 4]oxazepine (21; 1%). 
The azepine (20) has now been reassigned as an oxazaphospholine, 










The same ether reacted with trimethyl phosphite and diethyl 
methyiphosphonite to give (Table 5) the expected oxazaphospholines, 
identified by analytical, 31 P, p. m. r. , i. r. , and mass spectral data 
in yields of 72 and 95% respectively and, in the first case, 2-(2, 4, 6-  
trim ethylanilino)phenol (17. 5%)  identified by comparison (i. r.) with 
an authentic sample. 
144 
 However the reaction of the ether with 
tri-isopropyl phosphite gave, after chromatography on alumina, 
only 12% of the expected oxazaphospholine (22) (Scheme 6) much of 
135 
aN/°$R 	R 2 
R3rjj' R3 
TABLE 5 (cont.) 
R 1 R 2 R 3 R 14 R 5 Yield M. P. *Analysis (%) +Other Products 
(%) C H N 
(1) 
OEt Me Me Me H 95 63-65° 
 
66.5 8.1 3.9 
66.5 7.8 3.9 
OEt OEt OMe H H 52 83-84° 58.4 6.8 3.7 AP (28) 
58.7 6.85 3.4 
OM  Ph H OMe H 78 164-165° 65.9 5.8 3.6 
65.8 5.7 3.7 
OMe Ph H H H 70 104-106 0 68.4 5.8 3.9 
68.0 5.7 4.0 
OEt Me H H H 17 DA (6), AP (26) 
*+ 
Crude only 
the product being hydrolysed on the column. In addition 2-iso-
propoxy- 2', 4', 6 '-trimethyldiphenylamine (23; 3%),  identified by 
its i. r. , p.m. r. , mass, and exact mass spectra, 5, 11-dihydro-
2, 4-dimethyldibenz[12, effi, 4]oxazepine (1. 5%),  identified by com-
parison (i. r. and p. m. r. spectra) with an authentic sample, and 
di-isopropyl N-(2-isopropoxyphenyl)-jj-.(2, 4, 6-trimethyiphenyl)-
phosphoramidate (24; 1%),  identified by its i. r. , p.m. r., mass, 
and exact mass spectra, were eluted. Hydrolysis of any phosphates 
and phosphoramidates remaining on the column allowed the elution 
of 2-(2, 4, 6 -trim ethylanilino)phenol (25; 66%)  (Scheme 6) identified 
by comparison (i. r. spectrum) with an authentic sample. This 
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2, 6-Dimethoxyphenyl 2-nitrophenyl ether reacted with triethyl 
phosphite to give the expected oxazaphospholine (52%) (Table 5), the 
yield being lower than normal because of the difficulty of removing a 
trace of unreacted starting material. In addition, 2-(2, 6-dimethoxy-
anilino)phenol (28%) was obtained, identified by comparison (m. p.) 
136 
with an authentic sample. Previously Lim
60
had obtained, after 
chromatography on alumina, a monomethoxyphenoxazine (5%) 
identified on the basis of analytical, i. r. , and p. m. r. spectral 
data, 4-methoxy- rather than 1-methoxy-phenoxazine being sug-
gested on the basis of mass spectral fragmentation, which, in 
fact, could not conclusively differentiate between the isomers. 
Also 1, 2- dim ethoxyphenoxaZifle (2%) and 2-N- ethylaminophenyl 
2, 6-dimethoxyphenyl ether (26; 6%) were obtained. No phenoxazines 
or ethers were isolated on distillation however. The structure of the 
ether (26) is reassigned as 2-ethoxy-2 1 , 6 1 _dimethoxydiphenylamifle 
(27) on the basis of comparison of its p. m. r. spectral data with 
that of the diphenylamines mentioned above, the compound being 









All the nitro-compounds reduced so far have had ortho 
blocking subs tituents which are necessary to obtain any pure 
products in the thermolysis of the corresponding azides. 6o,64 Thus 
thermolysis of 2-azidophenyl 4-methoxyphenyl ether gave no pure 
products. 60 However 4-methoxyphenyl 2-nitrophenyl ether on 
treatment with dimethyl phenylphosphonite gave on distillation a 
high yield (Table 5) of the expected oxazaphospholine in a very clean 
reaction. Similarly the unsubstituted 2-nitrophenyl phenyl ether 
reacted with dimethyl phenyiphosphonite to give an isolable oxaza-
phospholine (45%) identified by its analysis, 31 P, p.m. r., i. r., 
and mass spectra and by hydrolysis of its residues to 2-methoxy-
diphenylamine (1. 5%), identified on the basis of its i. r., p.m. r. 
mass and exact mass spectra, and 2-anilinophenol (12%) identified 
1 17 
by comparison (i. r.) with an authentic sample. Repetition of this 
experiment gave the oxazaphospholine (70%) (Table 5). Similarly 
2-nitrophenyl phenyl ether reacted with diethyl methyiphosphonite 
to give on distillation a rather impure oxazaphospholine in low 
yield (Table 5), 2-ethoxydiphenylamine (6%),  identified by com- 
parison (i. r.) with an authentic sample, 
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 and 2-anilinophenol (26 %). 
Thus these experiments confirm the generality of the 
synthesis, the major difficulty being the isolation of the highly 
moisture-sensitive oxazaphospholines which are formed in high 
yield in every case. 
3 	Preparation of Mixtures Containing Pentacoordinate 
Oxypho s pho ranes. 
In two cases mixtures were formed, one of the components 
of which was identified as an oxazaphospholine. The components 
of the mixtures could not be separated by distillation and the oxaza-
phospholine would be hydrolysed by chromatography on alumina. 
This is an obstacle to widening the scope of the oxazaphospholine 
synthesis as mixtures were often formed, as described in the next 
section. 
Thus 4-methoxyphenyl 2-nitrophenyl ether on treatment with 
triethyl phosphite gave a mixture of the expected oxazaphospholine 
(28; 36%),  identified on the basis of its 31 P, p.m. r. , mass, and 
exact mass spectra, and 2-ethoxy-4'-methoxydiphenylamine (29; 
24%) identified by comparison (p. m. r. and g. 1. c. /mass spectra) 
with an authentic sample as described in the Experimental section 
(Scheme 7). 
3rO 	(OE t) 
Me 
(28) 






Previously Lim 60 on work-up of this reaction by chromato-
graphy had obtained just one product identified as 2-N-ethylamino-
phenyl 4-methoxyphenyl ether (30) which now must be reassigned as 









2,6-Dim ethoxyphenyl 2-nitrophenyl ether gave on treatment 
with dimethyl phenyiphosphonite a mixture of the expected oxaza-
phospholine (31; 42%), identified on the basis of its 31 P, p.m. r., 
mass, and exact mass spectra, and a product of partial hydrolysis, 
the cyclic phosphonamidate (32; 16%), identified by comparison 
( 31 P and p. m. r. spectra) with an authentic sample isolated and 
identified (analysis; i. r., p.m. r., 31 P, and mass spectra) in a 
replicate experiment (Scheme 8). Acidic hydrolysis of the mixture 
from a further replicate experiment gave, as expected, 2-(2, 6-. 
dim ethoxyanilino)phenol 	(33; 57%). 
OMe ° OMe + 
(a~N 0 2 OIN OMe OIN 




R12PR2 3 	+ 	R1 	
+ 	 TABLE 6* 
NO2 R
5 	 R-R3 R5 R 3 	R'R3 
R 1 	R 2 	R 3 R4 	R 5 	Yield (%) 	Yield (%) 	Yield (%) 	 Other Products (%)+ 
OMe OMe Me H 	Cl 	 26 	 1-Me-Ph (6), N-Me-1-Me•Ph (10) 
OEt OEt Me H 	Cl 	 44 	 3 	 1-Me-Ph (8) 
OEt OEt H 	H 	H 	 15 	 9 
OMe Ph 	H 	H 	H 	 15 	 8 	 14.5 
OEt Me 	H 	OMe H 	 11 	 14 	 spiro (19) 
OMe Ph 	H 	OMe H 	 73 	 1.4 




Me H 	Me 	 45 
OMe OMe OMe H OMe 	 4.7 
OEt Me OMe H 	OMe 	24 	 4 
Bu 	Burl Me H 	Me 	 10 	 0. 5 	 2-NH 2 (7) 
* All structures were confirmed by comparison (1. r. spectrum) with an authentic sample, or identified on the basis of 
i. r., p. m. r., and mass spectral, and exact mass or analytical data as described in the Experimental section. 
+ 1-Me-Ph = 1- Methylphenoxazine, N- Me-i - MePh = N- M ethyl- i -mèthylphenoxazine, 
spiro = 2-Methyl-2, 2'- s pirobi[ 2, 2- dihydro- 3 -(4 -methoxyphenyl)benz- 1, 3, 2-oxazaphospholine], 
2-NH2 = 2-A.minophenyl 2, 6-dimethylphenyl ether. 
4 	Preparation of Decomposition Products of Penta- 
coordinate Oxyphosphoranes. 
Lim  6O treated 2- chloro- 6 -methylphenyl 2-nitrophenyl ether 
with triethyl phosphite and obtained, after chromatography on 
alumina, 2-N- ethylaminophenyl 2- chloro -6 -methyiphenyl ether (34; 
6 %) and i-methylphenoxazine (35; 7%) (Scheme 9). The formation 
of the latter compound was rationalised by the usual 'phenothiazine 
rearrangement' mechanism, the m. p. being considerably lower 
than that of 4-methyiphenoxazine 153 which would be formed if a 
mechanism like that operating in the 2, 6-dichiorophenyl 2-nitro- 
54 
phenyl sulphide cyclisation were applicable here, (see Scheme 42 
in the Introduction). 
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Scheme 9 
The nitro-compound was treated with trimethyl phosphite 
and the reaction mixture was worked-up by distillation. However 
the expected oxazaphospholine was isolated only as part of a 
mixture (p. m. r. and g. 1. c. spectra) containing phenoxazines. This 
mixture was hydrolysed and chromatographed on alumina to give 
l-methyiphenoxazine (6%), identified by its analysis, m. p. and i. r. 
spectrum, N-methyl-i -methyiphenoxazine (10%), identified by its 
1. r., P. M. r. , mass, and exact mass spectra, and 2-(2-chloro-6-
methylanilino)phenol (36; 26%) as shown by analytical, i. r., 
p. m. r., and mass spectral data (Table 6). 
The nitro-compound gave in a similar reaction with triethyl 
phosphite (Table 6) the anilinophenol (44%), 1-methyiphenoxazine 
(8%) and 2-chloro-2'- ethoxy-6-methyldiphenylamifle (37;  3%), 
identified on the basis of its analysis, i. r. , and p. m. r. spectra. 
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Comparison of the p. m. r. spectrum of the diphenylamine with that 
of LimTs diphenylether (34) allowed the structure of the latter to be 










One of the possible routes of formation of the diphenylamine 
(37), ethylatiori of the anilinophenol (36), formed in the reaction 
mixture, by triethyl phosphate, was shown to occur (40% yield) as 
described in the Experimental section. 
2-Nitrophenyl phenyl ether reacted similarly (Table 6) with 
triethyl phosphite to give after hydrolysis 2-ethoxydiphenylamine 
(38; 9%),  identified by comparison (m. p. , i. r. and p. m. r. spectra) 
with an authentic sample 
146 
 and 2-anilinophenol (39; 15%) identified 
by comparison (m. p. and i. r. spectrum) with an authentic sample 147 
(Scheme 10). The comparison of the diphenylamine (38) with a 
known compound, made by a different route, definitely rules out the 
other isomer (40) as a possibility and hence, by analogy, the struc-
tures of the other diphenylamines mentioned earlier, which have 
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The addition of ether to the reaction mixture obtained after 
treatment of 2-nitrophenyl phenyl ether with dimethyl phenylphos-
phonite gave a cyclic phosphonamidate (41; 14. 5%). Acidic 
hydrolysis of the residues then gave the expected anilinophenol (15%) 





In like manner (Table 6), the reaction of 4-methoxyphenyl 
2-nitrophenyl ether with diethyl methyiphosphonite gave a mixture 
of products, after distillation, the attempted purification of which 
led to the isolation of a spiro-oxazaphospholine (42; 19%),  iden- 
tified by its analysis, 31 P, p. m. r. , 1. r. , and mass spectra, and 
a cyclic phosphonamidate (43; 14%), identified by its analysis, 
p.m. r., i. r. and mass spectra. In this case hydrolysis of the 
residues gave only 2-ethoxy--4 1 -methoxydiphenylamine (44; 11%), 
identified by its analysis, i. r., p. m. r., and mass spectra, as the 
expected anilinophenol decomposed during attempted purification 
(Scheme 11). 
The cyclic phosphonamidate (43) is one of the partial 
hydrolysis products of the pentacoordinate oxazaphospholine and 
the formation of the spiro-compound can be rationalised as a ligand 
exchange reaction' 
18 
 (see Schemes 78, and 79 in the Introduction) 
of the pentacoordinate oxazaphospholine with its final hydrolysis 
product, the anilinophenol (Scheme 12). 	This is a fairly stable 
product because of the increase in the number of rings around the 
phosphorus atom giving much less steric crowding. 83.84 
't7 
Q'o 
aN 	 ° 
Me 




























OMe 	Scheme 12 
The elusive anilinophenol was isolated (Table 6) in 73% 
yield, and identified by its analysis, i. r., p. m. r., and mass 
spectra, by hydrolysis of the oxazaphospholine obtained from the 
reaction of the nitro-compound with dimethyl phenyiphosphonite 
as described in the Experimental section. 
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On two occasions hydrolysis of pentacoordinate oxazaphos- 
pholines due to the presence of a trace of moisture occurred during 
attempted recrystalli,sations in low boiling solvents. 	Under these 
mild conditions partial hydrolysis to cyclic phosphoramidates 
occurred. Thus the phosphoramidates (45) and (46), identified 
by their analytical i. r. 
, 
p. m. r. , and mass spectral data, were 











In addition, cyclic phosphoramidates and phosphonamidates 
were found during attempted purifications of certain oxazaphospholines. 
Thus the phosphoramidate (47) and the phosphonarnidate (48) (Table 
6) were isolated after the reactions of 2, 6-dimethoxyphenyl 2-nitro-
phenyl ether with trimethyl phosphite and diethyl methyiphosphonite 
respectively. In the latter case acidic hydrolysis of the residues 
gave 2-(2, 6-dimethoxyanilino)phenol (24%) identified by its analysis, 
i. r., p. m. r., and mass spectra. 







2, 6-Dimethyiphenyl 2-nitrophenyl ether was treated with tn-
n-butylphosphine in boiling cumene in an attempt to prepare the 
oxazaphospholine (49) which was expected to be more stable as the 
zwitterionic form. 	
' 	
In the event it was found that the reaction 
144 
mixture became very black and tarry and, on distillation, 
separation of the products from the tri-n-butylphosphine oxide 
formed was difficult. Chromatography of the mixtures on alumina 
gave only traces of 5, 11-dihydro-4-methyldibenz[, ][1,4]oxazepine 
(1. 5%), identified by comparison (i. r.) with an authentic sample, 
and 2, 6-dimethyl-2'-n-butoxydiphenylarnine (2%), identified by its 
1. r. , P. M. r., mass, and exact mass spectra. 
Os..
' O\+ 
I 	P(Bu)3 	 I 	P(Bu)3 
( 	 N J 
MeMe 	Me ç Me 
(149) 
The same reaction in boiling benzene did not lead to a 
cleaner reaction mixture and only the diphenylamine (0. 5%), 2-
aminophenyl 2, 6 -dime thyiphenyl ether (7%), identified by compari-
son (m. p., and i. r. spectrum) with an authentic sample, 
60 
 and, 
after hydrolysis, 2-(2, 6- dirnethylanilino)phenol (10%),  identified 
by comparison (i. r. spectrum) with an authentic sample, were 
found (Table 6). 
5 	Preparation of Pentacoordinate Oxphosphoranes: 
Synthetic Potential of the Deoxygenation Reaction 
Thus the deoxygenation of aryl 2-nitrophenyl ethers by 
tervalent phosphorus reagents gives pentacoordinate oxyphosphoranes 
for a wide range of aryl rings. The oxyphosphoranes were success-
fully isolated for almost the full range of tervalent phosphorus 
reagents used when ortho blocking groups were not too bulky. 
Bulky blocking groups increased the steric crowding round an 
already crowded pentacoordinate phosphorus atom and increased 
the lability of the molecule. The synthesis was most readily 
145 
TABLE 7 
R5 	3 1  q3 R3 
	
Chemical Shift Values 




	 R 2 =Me 	 4-proton 	other aromatics 
OEt OEt Me H H +60 9.0(1.6), 	6. 10(8.8) 4.14 3.0 - 3.6 
OMe OMe Me H H +57 6.44(13) 4.15 2.9 - 3.5 
OPr1 OPr' Me H I-I +62 92, 	5. 2-5. 7 4.1 2.9 - 3.5 
OEt Me Me H H +37 08, 	6.26 8.15 (17) 4.17 2.9 - 3.6 
OEt OEt Me H Me +60 9.0(1.5), 6.08(8.5) 4. 28 3.0 - 3.7 
OEt OEt Me Me H +60 8.98(1. 5),6. 10(8.5) 4. 13 3.1 	- 3.6 
OMe OMe Me Me H +57 6.45(13) 4.13 3.0-3.6 
OPr' OPr' Me Me H +62 93, 	5.4 4.1 3.0 - 3.4 
OEt Me Me Me H +37. 5 08, 	6. 30 8.18 (17) 4.16 3.1 	- 3.6 
OEt OEt OMe H H +57 9.0(1.5), 6.17(9) 4.02 2.6 - 3.5 
OMe Ph OMe H H 441.6 6.65 3.95 2.2- 3.6 
OMe Ph H OMe H +45 6.64(12) 3.82 2.2- 3.5 
OEt OEt H OMe H +59 8. 98(1. 5), 5.9-6. 3(9) 3.90 2.9 - 3.5 
OMe Ph H H H +45 6.64(12) 3.86 2.2 - 3.6 
OEt Me H H H +35.7 9.14, 	6.30 8. 12 (18) 394 2.5-3.6 
extended to cases where ortho blocking groups were not present 
when the tervalent phosphorus reagent was a phosphonite rather 
than a phosphite. This added stability with the replacement of an 
alkoxy-ligand on pentacoordinate phosphorus with an alkyl or aryl 
83 
ligand is well known. 82, 
	
The alkyl or aryl group gives the 
phosphorus atom a ligand which likes to be in an equatorial position 
which previously the apicophilic alkoxy-ligand was forced to occupy. 
Thus the synthesis using phosphonite reagents is likely to 
be successful with almost any substituent on the aryl ring. Only 
.those 	cases with a good leaving group, like chlorine, in an ortho 
blocking position should give any phenoxazines. 
Difficulties will arise, if there is partial hydrolysis or 
thermolysis on distillation to give the oxazaphospholine mixed with 
some of its decomposition products, in separating the components of 
the mixture. 
6 	Spectral Features of Oxyphosphoranes and their 
Decomposition Products 
(a) The 31 P and p. m. r. spectra of the pentacoordinate oxazaphos-
pholines are important in their structural assignments and some 
features of these spectra are listed in Table 7. 	In every case the 
31 P spectrum shows a large upfield chemical shift from phosphoric 
acid as expected 
152
(see Schemes 44, 45, 54, 58 and 59 in the 
Introduction). The amino tetroxyphosphoranes have chemical shifts 
in the range +57 to +62 p. p. m. , while the introduction of a methyl 
or phenyl ligand on phosphorus instead of an alkoxy-ligand causes 
a downfield shift of approximately 20 p. p.m. giving chemical shifts 
in the range +35 to +45 p. p. m. The spiro-oxazaphospholine found 
in the reaction of 4-methoxyphenyl 2-nitrophenyl ether with diethyl 
methyiphosphonite had a 
31
P chemical shift of +35. 8 p. p. m. 
The p. m. r. spectra show large phosphorus coupling con-
stants which can be seen through four bonds, splitting the signal 
due to the methyl groups in ethoxy- subs tituents bonded to phosphorus, 







approximately 8. 5Hz and the coupling through two bonds causes 
splitting of approximately 17Hz. An interesting point in the spectra 
is the appearance in every case of an aromatic proton at appreciably 
higher field than the other aromatic protons. This is assigned to 
the aromatic proton at the 4-position (Table 7) which is shielded by 
the ring current effect of the aryl ring attached to the nitrogen atom. 
This ring was shown by X-ray analysi s in the case of a 2, 2, 2-tn-
methoxybenz-1, 3, 2-oxazaphospholine (fig. 4) to lie in a plane nearly 
orthogonal to that of the oxazaphospholine ring and retention of this 
geometry when the molecule is in solution explains the effective 
shielding of the proton at the 4-position. More movement of the N-
aryl ring is possible in those cases which do not have ortho blocking 
groups and hence the shielding is slightly less effective (Table 7). 
(b) The aminotetroxyphosphoranes show in their room temperature 
p.m. r. spectra no distinction between ligands which would be axial 
and equatorial in a 'frozen trigonal bipyramid indicating that per-
mutational isomerisation is fast on the p. m. r. time scale at this 
temperature. However the p. m. r. spectra of the amino tnioxyphosphora-
nes at room temperature show some broadening of these peaks. Hence 
variable-temperature p. m. r. spectra were studied to investigate the 
energy barrier for the permutational isomenisation (p. i. ) process. 
The spectra in fig. 6, obtained from 2, 2-diethoxy-2, 2-dihydro-
2-methyl- 3-(2, 4, 6 -trim ethylphenyl)benz-1, 3, 2-oxazaphospholine, 
show the signals due to the methyl groups in the ethoxy- substituents 
attached to phosphorus. At room temperature a broad triplet was 
observed, no phosphorus coupling being seen. As the temperature 
was lowered the signal rapidly broadened and fell in intensity. At 
_290 two separate signals were observed and on cooling to -60 ° these 
signals had increased in intensity to two rather broad triplets due to 
the axial and equatorial ethoxy- subs tituents of a 'frozen'trigonal bi-
pyramid (50). The oxazaphospholine ring is as. sued to be spanning 
from an axial oxygen atom to an equatorial nitrogen atom as observed 
in the X-ray study. The methyl subs tituent on phosphorus is the 









it will occupy an equatorial position. The coalescence temperature 
was taken as -26 ° +1 °  giving an activation energy for the p. i. of 
1 	 149, 150 (48. 5+0. 2)kJ mol , calculated using the Eyring equation. 
0 Me 1 







0 N'l e 
(51)  
The spectra in fig. 7, obtained from 2, 2-dihydro-2, 2-di-
methoxy - 3-(4-methoxyphenyl)..2...phenylbenz...1 3, 2-oxazaphospholine, 
show the signals due to the rnethoxy- substituents attached to phos-
phorus. The signal at room temperature was a doublet due to 
coupling to phosphorus pH 12Hz). As the temperature was 
lowered the signal broadened and fell in intensity becoming very 
broad at -56 ° . At -650  two broad humps were seen the low field 
one of which was appearing under the signal due to the aromatic 
methoxy-group. At -80 °  the phosphorus coupling was again visible 
in the high field signal. 	The lfrozen!trigonal bipyrarnid is expected 
to have a structure (51) with a phenyl group in an equatorial position 
and one axial and one equatorial methoxy-group. The coalescence 
temperature was taken as 580+20 giving an activation energy for 
p. i. of only (41. 2+0.4)kJ mol ' . 
The spectra in fig. 8, obtained from the rather impure sample 
obtained of 2, 2- diethoxy- 2, 2-dihydro- 2-nethyl- 3-phenylbenz- 1, 3, 2-
oxazaphospholine, show the signals due to the methyl groups in the 
ethoxy- subs tituents attached to phosphorus. As previously the 
signal seen at higher temperatures fell in intensity and broadened 
as the temperature was lowered. At _700 two broad humps were 
observed and further cooling did not allow the phosphorus coupling 









structure (52) similar to that of the analogous compound with ortho 
blocking groups (50). The coalescence temperature was taken as 







The spectra in fig. 9 obtained from 2, 2-dihydro-2, 2-di-
methoxy-2, 3-diphenylbenz-1, 3, 2-oxazaphospholine, show the signals 
due to the methoxy-substituents attached to phosphorus. At room 
temperature (not shown) the signal was a doublet due to phosphorus 
coupling (J 
PH
12Hz). At -58 0 the signal had become a very broad 
low hump. Further cooling to -70 ° gave two broad humps which 
sharpened considerably as the temperature was cooled to _850  at 
which temperature the phosphorus coupling was observed. The 
high field signal had a coupling constant of 11Hz while the low field 
signal had a coupling constant of 14 Hz. Thus the former is due to 
the axial methoxy-group of the tfrozen'trigonal bipyramid (53), the 
coupling being smaller because of the longer axial bond. 
105 
 The 
coalescence temperature was taken as _59 0± 20 giving an activation 
energy for the p. i. of (40. 9+0. 4)kJ mol 1 
Comparison of the activation energies for p.  i. of the oxazaphos-
pholnes (50) and (52) shows that the compound with ortho blocking 
groups requires considerably more energy for bond distortion as 
expected because of greater steric crowding. The two oxazaphospho-
lines (52) and (53) show similar activation energies indicating that 
the effects of the bulkier phenyl group of (53) compared with the 
methyl group of (52) are counterbalanced by the effects of the smaller 
methoxy- subs tituents of (53) compared with the ethoxy- substituents 
of (52). As expected the introduction of a _methoxy_substituent in 
149 
the N-phenyl ring of oxazap1ospholine (53) giving the analogous 
compound (51) had little effect on the activation energy for p.  i. 
The size of the energy barriers in these compounds (40. 9 
to 48. 5kJ mol ' ) are of the same order of magnitude as those 
already known. Thus Westheimer and Gorenstein 
105
obtained an 
activation energy of 60. 6 kJ mol 
1 
 for the oxaphospholene (54). 
Houalla and his co-workers 
154 
 obtained a value of 65. 2 kJ mol 1 
for the activation energy of the p.  i. which made the methyl groups 
equivalent in the spirodioxaphospholane (55). Trippett and 
Dickstein 
155 
 obtained values in the range 37. 2 to 52.7 kJ mol ' 















A = Ph, SEt,NMe2 
B = OMe,OPh 
The mechanism of these p. i. processes can be either 
Berry Pseudorotation, involving high energy intermediates with 
electropositive ligands in axial positions or diequatorial five-membered 
rings, or Turnstile Rotation, involving bond length and bond angle 
deformations without the 'formation' of unstable intermediates. The 
turnstile rotation (TR) mechanism is easier to visualise as was 
observed in the Introduction. Thus the oxazaphospholines studied 
give equivalent axial and equatorial ethoxy- or methoxy-ligands at 
room temperature due to a fast (TR) 2 mechanism (Scheme 13), with 
the oxazaphospholine ring as the pair and the alkyl or aryl and alkoxy-
ligands as the trio, without the formation of high energy intermediate 
-2.2 3.8 
6.15 (12) 3.8 
8.88, 	8. 62, 	5.18 3.88 
6.20 (12) 3.70 









R 2 	R 3 	R4 
OH Me H 
OMe Me H 
OPr ' Me H 
OMe OMe H 
Me OMe H 
Ph OMe H 
Me H OMe 
Ph H H 
2.7 - 3.2 
2.7 - 3.2 
2.8 - 3.2 
2.64 - 3. 35 
2. 5 - 3.4 
2.0 - 3.8 
2.5 - 3.5 







7. 69, 7. 63 
7.83, 7.71 
6. 28, 6.19 
6. 25, 6. 22 
6. 86, 6.24 
TABLE 8 
Chemical Shift Values 
R2(JPH) 	4-proton 	other aromatics 
(57) 
oxazaphospholines with the nitrogen or alkyl or aryl ligands in an 
axial position (57), or the five-membered ring diequatorial (58). 
qI..R 
Ar'O1 2 1 / 
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roR'  
R 	(58) A  
The amino tetroxyphospho ran es which show no sign, at room 
temperature, of peak broadening in the signals due to the alkoxy-
ligands will have lower energy barriers to p. i. and would require 
cooling to much lower temperatures before the separated axial and 
equatorial alkoxy-ligand signals could be seen. The higher energy 
barrier for p. i. in the aminotrioxyphosphoranes described is due to 
the effort required for movement of electropositive groups, which 
have low apicophilicities. 
(c) The p.m. r. spectra of the cyclic phosphorarnidates and phos-
phonamidates have some interesting features which are listed in 
Table 8. The two ortho blocking groups of the N-aryl ring have 
different environments being either cis or trans to the phosphorus 
ligand R 
2 
 (59) and hence their signals are distinguishable. The 
difference in chemical shift is small (<0. 2T) in every case except 
the one with a phenyl ligand attached to phosphorus (R 2 Ph) where 





4  021INH 
RhT'j_R 3 	 Chemical Shift Values 
	
1 	2 	3 	4 	 4 
R R R R R 	 3-proton other aromatic protons 
Me H Me Et 8. 55, 5.85 3.9 2. 9 - 3. 3 
Me H Me Me 6.04 3.8 2.9 - 3.4 
Me Me Me Pr  8.62, 5.4 3.87 3.0- 3.4 
Me H Me Bu' 8.0-9.1, 5.88 3.82 2.9-3.4 
Me H Cl Et 8. 55, 5. 86 3.84 2.6 - 3.3 
I-I OMe H Et 8. 57, 90 2.7 - 3. 3 
H OMe H Me 6. 23 or 6. 14 2.7 - 3. 35 
H H H Et 8. 62, 00 2.6 - 3.4 
H H H Me 6. 24 2.6 - 3. 5 











This is in contrast to the pentacoordinate aminotrioxy-
phosphoranes where the ortho blocking groups have the same 
environment because of fast permutational isomerisation. Even 
the 'frozen' oxazaphospholine (60) gives just one peak for the ortho 
methyl groups at -60 ° although one of them is cis and the other is 
trans to the equatorial methyl ligand. This is indicative of the 
larger distance between the ortho-methyl groups and the methyl 
ligand due to the 120° equatorial bond angle in compound (60) com-
pared with the angle of approximately 109 ° between R 2 and the 
nitrogen atom in the phosphonamidate (59; R
2 
 =Me) where a small 
difference in the chemical shifts of the ortho-methoxy blocking groups 
was noted (Table 8). 
The spectra of these compounds (59) with ortho blocking 
groups also show a high field aromatic proton, assigned to the 
proton at the 4-position (Table 8), owing to the shielding effect of 
the ring current of the j-ary1 ring which must keep its approximate 
orthogonality to the plane of the oxazaphospholine ring in solution as 
was noted in the X-ray crystal structure (fig. 5). The shielding is 
not as effective as in the corresponding pentacoordinate oxaza-
phospholines, where chemical shifts of greater than 4T were usually 







m/e (% Abundance) 
R 
R 1 	R 2 	R 3 	R4 	R5 Parent 	-.HOPR 12R 2 	 McLafferty 
OEt OEt Me H H 377 (100) 194 (100), 332 (22) -C 2H4  
OMe OMe Me H H 335 (100) 194 (100) 304 (60) 
OPr 1 OPr 1 Me H H 419 (50) 194 (65) -C 3H6 (63) 
OEt Me Me H H 347 (45) 194 (100) 302 (22) -C 2H4 (3) 
OEt OEt Me I-I Me 391 (100) 208 (100) 346 (24) -C 2H4  
OEt OEt Me Me H 391 (100) 208 (75) 346 (23) - C 
2 H 4 
 (15) 
OMe OMe Me Me H 349 (66) 208 (100) 318 (21) 
OPr 1 OPr' Me Me H 433 (78) 208 (45) - C 
3 H 6 
 (90) 
OEt Me Me Me H 361 (85) 208 (100) 316 (30) - C 
2 H 4 
 (15) 
OEt OEt OMe H H 409 (100) 364 (35) - C 
2 H 4 
 (25) 
OMe Ph OMe H 11. 413 (100) 381 (30) 
OMe Ph H OMe H 383 (100) 196 (10) 352 (20) 
OEt OEt H OMe H 379 (100) 334 (19) - C 
2 H 4 
 (48) 
OMe Ph H H H 353 (100) 322 (20) 
OEt Me H H H 319 (100) 274 (43) -C 2H4 (44) 
tetrahedral phosphorus atom compared with the crowded trigonal 
bipyramidal phosphorus atom in the pentacoordinate cases. Similarly 
in those compounds (59) (Table 8) without ortho blocking groups the 
N-aryl ring has sufficient freedom to make the aromatic proton at 
the 4-position indistinguishable from the other aromatic protons. 
The p. m. r. spectra of the diphenylamines also show shielding 
of the aromatic proton at the 3-position (Table 9) in those cases 
which have ortho blocking groups. 
The i. r. spectra of solutions of both phosphorus-free and 
phosphorus - containing compounds in chloioform were compared 
and the following general assignments 156, 157 were made (cm- I ): 
POH (2630, 2220 and 1665); P-Ph (1430 and 1130); P-Me (1310); 
P0 (1300-1200); P0-Ar (1250-1165); P0-C (1110-1000); P-a 
(1000-870); POEt (1190-1150); POMe(1180); Ar-N (1335-1250); 
Ar-0 (1250); C-0 (1055-1000); c-a (1175-1100 for polysubstituted 
benzene rings). 
It was sometimes difficult to distinguish the signals due to 
the Ar-0 and P0 stretching vibrations and in these cases the wider 
peak was assigned to P0. The position of the P0 vibration could 
vary considerably depending on the other ligands present. Thus if 
the P0 group was hydrogen-bonded a downfield shift of 50-80 cm- 1 
was observed in the position of the peak. If an alkoxy-ligand on 
phosphorus was replaced by an alkyl or aryl group a downfield shift 
of approximately 30 cm ' was observed in the position of the peak. 
If an aryloxy-ligand was present the position of the P0 vibration 
157 	 -1 
i is expected 	n the range 1350-1300 cm . All these factors 
combined to give signals in the range 1300-1200 cm- 
1 
 for P=0. 
Mass spectrometry gave important information about the 
structure of the first-prepared oxazaphospholine as mentioned above. 
The major primary fragmentations noted in that compound and in 
other membcrs of the series were the result of three processes: 
(1) removal of the phosphate or phosphonate part of the compound, 
(ii) simple fission of an alkoxy-phosphorus bond, (iii) McLafferty 
rearrangements (Table 10). The striking feature is the ease of 
153 
rr °'O 
I 	R2 	TABLE 11 
m/e (% Abundance) 
Q  NNI N1- 
R 2 	R 3 	R4 	 Parent -HOP(0)R 2 	 Other 
194 (50) 257 (50), -H 20 
194 (25) 257 (25), -MeOH 
194 (40) 257 (30), -Pr 'OH 
305 (40), -CH4 
226 (13) 
226 (10) 
OH Me H 275 (100) 
OMe Me H 289 (100) 
OPr' Me H 317 (30) 
OMe OMe H 321 (100) 
Me OMe H 305 (100) 
Ph OMe H 367 (100) 
Me H OMe 275 (100) 
Ph H H 307 (100) 
removal of the phosphate or phosphonate part of the molecule when 
ortho-methyl blocking groups are present on the N-aryl ring and 
since the fragment lost is H-OPRR 2 it is reasonable to assume 
that a proton from one of the ortho-methyl groups is involved. 
The tetrahedral cyclic phosphoramidates and phosphon-
amidates fragmented much less readily in the mass spectrometer 
(Table 11) but again compounds with ortho-methyl blocking groups 
gave fairly ready removal of the phosphate or phosphonate part of 
the ring. 
7 	Photolysis of Pentacoordinate Oxyphosphoranes 
The interesting fragmentation of some oxazaphospholines in 
the mass spectrometer, giving removal of the phosphate or phos-
phonate part of the molecule, led to an interest in their thermolysis 
and photolysis reactions. Since the preparative conditions of the 
oxazaphospholines are thermally quite severe (boiling cumene for 
48 h) decomposition by photolysis was studied. Photolysis of the 
parent oxazaphospholine, 3-(2, 6- dimethyiphenyl)- 2, 2, 2- triethoxy- 
2, 2-dihydrobenz-1, 3, 2-oxazaphospholine, gave no isolable products. 
However photolysis of the oxazaphospholine (61) in benzene gave, 
after chromatography on alumina, biphenyl (18%),  identified by 
comparison (m. p.,  1. r. and p. m. r. spectra) with an authentic 
sample, 3-methoxycarbazole (62; 24%),  identified by comparison 
(m. p.) i. r. , p. m. r. , and mass spectra) with an authentic sample, 148,10 
and 2-(4-methoxyanilino)phenol (63; 21%),  identified by comparison 
(i. r.) with an authentic sample (Scheme 14). 







Scheme 14 	 OMe 
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The formation of these products could be rationalised by 
the mechanism shown in Scheme 15. 
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The following observations are relevant to this mechanism. 
128 	 133, 134 
Bentrude 	and Burger 	both observed the elimination of 
phosphates on the thermolysis and photolysis in aromatic solvents 
of a dioxaphospholene (69) and a series of 1, 3, 5-oxazaphospio1ines 
(70) respectively. Burger managed to trap the intermediate nitrile 
ylide(71) with various dipolarophiles. 
M e 0.,  












Bentrude noticed the elimination of both phosphite (20%) 
and phosphate (80%) when the dioxaphospholene (69) was photolysed 
in cyclohexane, and tervalent phosphorus elimination has also been 
noticed in the vacuum thermolysis of certain 1, 2, 5-oxazaphos- 
130 	 132 
pholines (72) 	and oxaphospholidines (74) 	givirg an oximino- 
















1-Phenylbenzotriazole was photolysed by Burgess and his 
co-workers 
158 
 in benzene and an almost quantitative yield of car-
bazole was obtained. Ohashi and his co-workers 159 photolysed 5-
chloro-1-(4-clilorophenyl)benzotriazo].e (76) and obtained only 3,6-
dichiorocarbazole (77; 89%) indicating that the proposed diradical 
intermediate does not cyclise to the azirine (78) which would have 














- I 	 L_J (77) 	M  	I! 
1 c7 
Thus in the proposed mechanism (Scheme 15) the formation 
of 3-methoxycarbazole via phosphonate elimination to give a 
diradical intermediate (64) is as expected. 	It is also suggested 
that phosphonate elimination is a two-step process and that the 
first-formed diradical (65) can abstract a proton from the solvent 
to give a phosphoranyl radical (66) which either loses a methyl 
radical to give an acyclic phosphonate (68) or loses dimethyl phenyl-
phosphonite to give a phenoxide radical (67) which is stabilised by 
further proton abstraction. The acyclic phosphonate (68) was not 
observed after chromatography on alumina owing to its polarity. 
However an alternative explanation (Scheme 18) for the 
formation of the anilinophenol and the comparatively low accountancy 
for the reaction is hydrolysis of the starting oxazaphospholine by a 
trace of moisture to a mixture of a cyclic phosphonamidate, an acyclic 
phosphonate, and an anilinophenol. This seems unlikely however 
as moisture was carefully excluded from the reaction. 
r2O /Ph 
IP-OMe 
IN / OMe 
OMe 
Scheme 18 





OMe 	 OMe 
OH 
+ cxNHOMe 
In a replicate experiment the products were hydrolysed 
under acidic conditions and chromatographed on alumina to give 
biphenyl (12. 5%), 3-methoxycarbazole (23%) and 2-(4 -methoxy-
anilino)phenol (36%). Photolysis of the oxazaphospholine (79) gave, 
after a similar work-up, carbazole (15%), identified by comparison 
158 
(m. P. , i. r. , P. m. r. , and mass spectra) with an authentic sample, 
biphenyl (4%), 2-anilinobipheny]. (80; 2. 77o), identified by its i. r. 
p.m. r., mass, and exact mass spectra, 2methoxydipheny1amine 
(81; 2.5%), identified by comparison (i. r.) with an authentic sample, 
and 2-anilinophenol (4 7%), identified by comparison (1. r.) with an 
authentic sample (Scheme 19). 
r 2 Ir O\ 	1TLrTJ1JI2J OMe 
benzene C 
0 FN. H 







The formation of the anhlinobipheny]. (80) can be rationalised 
via  small amount of phosphonate elimination from the phosphorany]. 
intermediate (82) (Scheme 20) to give a 2-anilinophenyl radical which 
inserts intoasolvent molecule. 
Os /Ph 	 benzene 
P-OMe -  





The increased yields of the anilinophenols in the last two 
reactions after acidic hydrolysis does not help to differentiate 
between the two mechanistic pathways proposed to explain their 
formation (Schemes 15 and 18). The best evidence for the opera-
tion of the mechanism outlined in Scheme 15 is the formation of 2-
anilinobiphenyl (80) although the small yield obtained means that 
this mechanism is attractive rather than:proved. 
& 	The Mechanism of the Deoxvgenation Reaction 
There are many heterocyclic systems which can be synthesised 
by either the reductive cyclisation of a nitro-group by tervalent 
phosphorus reagents or the decomposition of the corresponding azide. 
Thus carbazole can be prepared from 2-azido- and 2-nitro-
biphenyl 2, 13 and phenothiazine can be prepared from 2-azido- and 
50 
2-nitro-phenyl phenyl sulphide. 43, 
	
When the 'phenothiazine 
rearrangement' was discovered 51, 52 it was found that rearrange-
ment occurred in both reactions (Scheme 21). 
lax
S 1z1 1. X N 1r{:- S)/ 
 L.A y 
2 X= NO2 , 
(EtO)3 P 	I 
11 	Scheme 21 
Similarly the further rearrangements, which happen when 
different ortho blocking groups are inserted, were found to operate, 
to some extent, in both reactions. 
In addition rearrangements occurring via  spirodienyl 
intermediate were found to occur, to some extent, when bridging 
atoms other than sulphur were present (Scheme 22; Z=O, CH 2 
1 6n 




Azide decompositions are known, in many cases, to involve 
nitrene intermediates and hence it was proposed 52, that a nitrene 













Ar-N -O-P(QR)3 	Ar-N=O + OP(OR) 3 
P(OR)3 
Ar-N + O=P(OR)3 	Scheme 23 
Initial nucleophilic attack by the phosphorus atom gives a 
zwitterionjc intermediate which eliminates triaiicyl phosphate 
leaving a nitro so-cornpouncl, which reacts with a second molecule 
of phosphite in like manner to give the nitrene. Diethyl methyl-
pho sphonite (MeP(OEt) 2) and ethyl diphenyiphosphinite (EtOPPh 2) 
are much more effective in the deoxygenation of nitro-compounds 
that expected on the basis of their nucleophilicities. Perhaps this 
points to the involvement of intermediates (84) and (85), which are 
like the intermediate (86), suggested by Ramirez, 84 in the reactions 
of dioxaphospholenes with ozone and oxygen. The pentacoordinate 
oxyphosphoranes (84) and (85) have aryl and alkyl ligands which 
161 
readily occupy equatorial positions unlike the corresponding inter-
















Now the deoxygenation of aryl 2-nitrophenyl ethers by 
tervalent phosphorus reagents gave pentacoordinate oxazaphos-
pholines and their decomposition products. Only traces of the 
products derived from the corresponding azide decompositions were 
found. Thus 2, 6-dimethylphenyl 2-nitrophenyl ether gave an 





N 2 LNYOEt)3 
 [a 
Me Me 	Me 	 Me 
Scheme 24 
Similarly 2, 6-dimethoxyphenyl 2-nitrophenyl ether gave, 
on distillation, an oxazaphospholine, while Lim, 60 using chromato-
graphy, found small amounts of the monomethoxy- and dimethoxy-
phenoxazines which were also found in the corresponding azide 
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H OMe Scheme 25 
However a nitrene could still be involved in a reasonable 
mechanism giving both types of products (Scheme 26). 
N 
P3 	R 
I' 2.XNO2 , rKK 
R 3 
IN>3 + 3 a 
(87) 	R 
V  R  3 


















Just as in the general case (Scheme 22) the nitrene cyclises 
to a spirodienyl intermediate (87) which, in the absence of tervalent 
phosphorus rearranges via  1, 2-suprafacial sigmatropic oxygen 
shift to give a 4H-phenoxazine (88) which gives various rearrange-
ment products depending on the nature of the ortho blocking group, 
R 3. However, in the presence of tervalent phosphorus, the spiro-
dienyl intermediate, showing the character of its quinone imine 
canonical form, reacts to give an oxazaphospholine. Relevant to 
this proposed mechanism is the observation 60 that the reductive 
cyclisation of 1 -(2-nitrobenzyl)- 2, 4, 6-trimethylbenzene with 
triethyl phosphite gave, on chromatography, a diethyl benzylphosph-
onate (89) among other products (Scheme 27). The pentacoordinate 
amino trioxyphosphorane (90) was not isolated, as expected after 
chromatographic work-up, and in fact it is expected to be rather 
labile owing to the probable placement of a comparatively electro-
positive and very bulky aryl- substituted nitrogen atom in an axial 
position. Loss of ethylene via a phosphonium intermediate, after 
rupture of the axial P-N bond gives the phosphonate. (see Scheme 
35 in the introduction). 
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A similar mechanism explains the formation of both oxaza-
phospholine-derived products and l - methylphenoxazjne (91) in the 
reductive cyclisation of 2-chloro-6-rnethylphenyl 2-nitrophenyl 
ether with trimethyl phosphite. Reaction of the phenoxazine with 
trimethyl phosphate gives the -methyl-compound (92) (Scheme 28). 
0 
Me 	 Me 
(o 
NO2 	1 N O_ 	N CI. Cl Cl Me 
ct - 	 LJ 
In addition a similar mechanism would explain the formation 
of oxazaphospholines from the reductive cyclisation of aryl 2-
nitrophenyl ethers which lack ortho blocking groups (R 3 =H; 
Scheme 26). However the corresponding azide decomposition gave 
only tars. This is the first indication in the oxygen-bridged series 
that there may be mechanistic differences between the two reactions. 
Also no products derived from the typical nitrene reactions 
of proton abstraction and addition to lone pairs of electrons were 
found, neither aromatic amines nor bicumyl from the reductive 
cyclisations in cumene,nor phosphorimjdates (93) or their hydrolysis 
165 
products phosphoramidates (94) being seen. 




A non-nitrene mechanism was postulated 
54 
 for the reductive 
cyclisation of 2, 6-dichiorophenyl 2-nitrophenyl sulphide with 
triethyl phosphite to 4-chiorophenothiazine (95), the usual nitrene-
induced rearrangement still being proposed to explain the formation 
of 1-chiorophenothiazine (96) from both the nitro-phosphite and azide 
reactions (Scheme 29). The non- nitrene mechanism involves 
cyclisation of the nitrene-precursor, Ar--O-(OEt) 3 , prior to 
the loss of triethyl phosphate because of the proximity of the chlorine 
atom, a good leaving group, in the ortho blocking position. 
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Cadogan and Lunn 
160 
 have recently studied both the thermal 
decomposition of 2-azidophenyl 3-substituted phenyl sulphides (97; 
XN 3 ) in decalin, and the reductive cyclisation of the corresponding 
nitro-compounds (97; XN0 2) with triethyl phosphite in cumene 
(Scheme 30). If a common intermediate is formed the ratio of the 
two phenothiazines formed, 4-substituted and 2-substituted pheno-
thiazine, (98) and (99) respectively, will be the same in both cases. 
However significant differences in these ratios have been found, in 
some cases, indicating that the nitrene, assumed to be present in 
the azide decompositions, is not present in the nitro-phosphite 






n 	Scheme 30 	H 	(99) 
In an interesting paper Holliman and his co-workers 72 
relooked at the 2, 6-dichiorophenyl 2-azido- and 2-nitro-phenyl 
sulphide reactions and confirmed the results obtained earlier. 54 
The thermal decomposition of the azide in triethyl phosphate was 
found to give more of the 4-chiorophenothiazine and a reduction in 
the amount of 1-chiorophenothiazine produced. It was suggested 
that the nitrene precursor, Ar-f-O-(OEt) 3 , was being formed to 
some extent by reaction of the azide with the solvent. Holliman 
also challenged the intermediacy of a nitrene in the reduction, in 
deca].in or chlorobenzene, of a 2- nitro sobiphenyl with triethyl 













Reduction of a dideuterio- 2- nitro so -3 , - methoxybiphenyl 
(100; XNO, R=D) and thermolysis of the azide (100; X=N 3 , RH) 
were carried out together, and the amount of deuterium in each of 
the two isomeric carbazoles produced was compared. If both 
substrates react via  common intermediate the ratio of the deuterated 
to un-deuterated carbazole for each of the isomeric carbazoles 
should be the same. However the ratios were different in both 
decalin and chlorobenzene but the same in triethyl phosphate (Table 
12). Similar results were obtained when the methoxy-substituent 
was replaced by a methyl substituent. 
Table 12 
Solvent 	 3'-  subs tituent d 2 /do (101)/(102) 
(101) (102) X=NO, N 3 
Decalin MeO 1. 21 1.41 0.66 0.77 
Ch)orobenzene MeO 3.16 3.44 0. 71 0. 77 
Triethyl Phosphate MeO 0.802 0.803 0.75 0.75 
Decalin Me 0. 259 0. 211 2. 19 1.79 
Chlorobenzene Me 0.957 0.600 2.13 1.33 
Triethyl Phosphate Me 0.141 0.141 1.68 1.67 
The nitrene precursor, Ar-N-O-(OEt) 3 , was proposed as 
the common intermediate in triethyl phosphate but no mechanism was 
suggested for cyclisation of the nucleophilic nitrogen atom onto an 
electron-rich aromatic ring. Thus the mechanism shown in Scheme 
168 
32 is unlikely 
Me 
Ome 	_ 	OMe 
II II I11 Pccc' 




In addition there may be some doubt about the significance 
of the differences in the ratios obtained (Table 12). Thus the 
value of the ratio of the 3-methoxy- to the 1-methoxy-carbazole 
produced from the nitroso compound is not very different from the 
value of the same ratio obtained from the azide in both decalin and 
chlorobenzene, although exactly the same values of the ratio are 
obtained in triethyl phosphate. 
Hence a non-nitrene mechanism for the nitro-phosphite 
reaction cannot be ruled out although just proposing a reasonable 
alternative is difficult. One possibility is outlined in Scheme 33 
whereby the nitrene precursor (103) attacks the adjacent aromatic 
ring via the phosphonium cation, several further steps being re-
quired to explain the usual 'phenothiazine rearrangement. 
S119 
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Scheme 33 
169 
A precedent for this type of attack has been observed, 71 
p -  ethyl-, 2-methyl-, and - methoxy- nitrobenzene on treatment 
with triethyl phosphite giving low yields of the corresponding diethyl 
aryiphosphonates among other products. This was rationalised by 
the mechanism shown in Scheme 34 whereby one of the nitrene 
precursors (104) attacks the aromatic ring via the phosphonium 
cation. 
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Development of this idea to explain the preparation of 
oxazaphospholines from the deoxygenation of aryl 2-nitrophenyl 
- ethers leads to the following extended series of rearrangements 
(Scheme 35). 
However an attempt to prepare the intermediate with a six-
membered phosphorus-containing ring (105; R 3 Me, R4 =H) by the 
thermolysis of 2, 6 -dime thylphenyl 2-azidophenyl ether in triethyl 
phosphate led only to a good yield of the expected oxazepine, 
identified by comparison (m. p., i. r., g. 1. c., and p. m. r. spectra) 
with an authentic sample, (see Scheme 1). 
Thus, although there is no direct evidence for nitrene 
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formation of the products is only easy if an intermediate having 
nitrenoid character is invoked. 
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II 	Deoxygenation of Aryl 2-Nitrophenyl Sulphides and 
Thermolysis of Aryl 2-Azidophenyl Sulphides 
(a) Cadogan and Kulik 54 studied the reductive cyclisation 
of 2-nitrophenyl 2,4,6 -trim ethyiphenyl sulphide with triethyl 
phosphite and found, after chromatography on alumina, 5, 11-
dihydro- 2, 4-dirnethyldibenzo[b, ][i, 4]thiazepine (106; 10%)  and 
a product identified as diethyl N-ethyl-N- o-(2, 4, 6 -trim ethylphen.yl-
thio)phenylphosphoramidate (107; 66%) (Scheme 36). 
Me 
N 	Me 
Et \ Me• 
(107) P(0)(OEt)2 
Me 
ON U 2 N-"iiie 
Me 	 H Me 
(106) 
Scheme 36 
The deoxygenation of 2, 6-dimethyiphenyl 2-nitrophenyl 
sulphide with triethyl phosphite gave, after chromatography on 
alumina, the corresponding thiazepine (108; 11%) and a product 
identified as diethyl N- Q_(2, 6- dimethylphenylthio)phenylpho s pho r - 
amidate (109; 73%) (Scheme 37). 
M Me 	 e 
No 	NN H e 0 2 + lam 
Me 	 H 	Me f(0)(OEt)2 
(108) (109) 
Scheme 37 
The formation of these phosphoramidates was rationalised 
by the trapping of an aryl nitrene by an excess of triethyl phosphite 
172 
to give a phosphorimidate, followed either by rearrangement 71  to 
the N-ethylphosphoramidate or by hydrolysis on the column to the 
phosphorarnidate (Scheme 38). 
ArNO2+2(EtO)3P 
	
ArN + 2(EtO)3F0 
ArN + (EtO)3P - ArN zP(OE03 
ArNP(OEt)3 - ArNHP(0)(OEt)2+ ArNEtP(0)(OEt)2 
Scheme 38 
In like manner the reductive cyclisation of 2-methoxy-, 2, 6-
dimethoxy-, 2, 5-dimethoxy-, and 2, 4, ô-trimethoxy- phenyl 2-
nitrophenyl sulphides with triethyl phosphite gave N-ethylphos-
phoramidate by-products in 17, 26, 15, and 26% yields, respectively, 
as well as the usual phenothiazines. 54 
These assignments have been found to be incorrect, the N-
ethylphosphoramithtes being reassigned as isomeric diethyl N-
aryl-N- 2- ethyithiophenyiphos phoramidates (110). Thus diethyl 
. - o - ( 2- methoxyphenylthio)pheny1phosphoramjthte (111) was re-
assigned as diethyl N- 2- ethylthiophenyl-N- Z-methoxyphenylphos - 
















The p. m. r. spectrum showed a quartet at 7. 18T which is 
now assigned to the methylene part of the ethylthio-group, the 
alternative assignment (111) of an N- ethyl group being ruled out 
because of the high chemical shift value and the lack of phosphorus 
coupling in the signal in contrast to the equidistant methylene part 
of the ethoxy-ligand on phosphorus which showed a quintet at 5. 84-r. 
The mass spectrum showed an intense primary fragmentation peak 
61 mass units below the parent peak and exact mass studies on this 
peak confirmed that an ethylthio-group had been removed hence 
forming good evidence for the reassigned structure (112). Similar 
features were noted in the p. rn. r. and mass spectra of the other 
compounds. 
The anomalous formation of the phosphoramidate (109) rather 
than an Nethylphosphoram1date from deoxygenation of 2, 6-di-
methylphenyl 2-nitrophenyl sulphide was also of interest. Analysis 
of the spectral data 54 shows that the compound is probably the thiol 
(113) since the sharp singlet of the thiol proton at 7. 60T, previously 










However a replicate experiment gave, after chromatography 
on alumina, diethyl N- 2, 6 -dime thylpheflyl .N 2- ethylthio phenyl 
phosphoramidate (114; 73%), identified on the basis of its analysis, 
i.r., p.m.r., 31 P, and mass spectra, 2_ethylthio_2 1 ,6-dimethYl 
diphenylamine (115; 0. 5%), identified on the basis of its i. r. 
p. m. r., mass and exact mass spectra, and the expected thiazepine 
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(1.6%) identified by comparison (1. r. and p.m. r. spectra) with an 
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The reaction of the same nitro-compound with trimethyl 
phosphite gave, after chromatography on alumina, dimethyl N-2,6- 
dim ethylphenyl- N- 2-methylthiophenylpho sphoramidate (116; 50%), 
identified on the basis of its analysis, i. r. , p. m. r. , 31 P, and 
mass spectra, 2, 6- dimethyl- 2'- methyithiodiphenylamine (117; 1%), 
identified on the basis of its i. r. , P. M. r. , mass, and exact mass 
spectra, and the expectd thiazepine (2%), identified by comparison 
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Thus no thiols, previously formed somehow by sulphur 
dealkylation during the work-up, were isolated and these results 
now fit the pattern observed earlier. The formation of small 
quantities of diphenylamines (115) and (117) can be rationalised by 
some hydrolysis of the phosphorarnidates on the column. 
The formation of the phosphoramidates can be rationalised 
by the mechanism outlined in Scheme 41 whereby the nitrene or 
'nitrenoid' precursor reacts to form a spirodienyl intermediate 
which can either rearrange via a 1, 2-sigmatropic shift of sulphur 
to the hydroaromatic intermediate (118) which rearranges further 
to various products depending on the nature of R 1 and R 2, or, 
showing the character of its thioquinone imine canonical form, 
react with an excess of phosphite to form a pentacoordinate thiaza-
phospholine (119), assumed to have the bulky sulphur ligand in an 
equatorial position. It is attractive, because of the geometry, to 
propose that nucleophilic attack by the sulphur atom on the axial 
alkoxy-ligand gives the phosphoramidate (120). This mechanism 
is similar to the one proposed to explain the formation of oxaza-
phospholines from the reductive cyclisation of 2-nitrophenyl phenyl 
ethers. 
That the instability of the pentacoordinate thiazaphospholine 
was due to the sulphur atom's nucleophilicity and to the geometry of 
its structure and not to decomposition on chromatographic work-up 
was shown by the isolation of a phosphoramidate, dimethyl N- 2-
methy1thiophenyl-- 2, 4, 6 -trim ethyiphenyiphosphoramidate (87%), 
identified by its analysis, i. r., p. m. r. , 31 P, and mass spectra, 
from the reaction of 2-nitrophenyl 2, 4, 6 -trim ethylphenyl sulphide 
with trimethyl phosphite after high vacuum distillation. 
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It was interesting to speculate that this type of mechanism 
must be occurring to some extent even in those cases of the 
'phenothiazine rearrangement' where no ortho blocking groups are 
present. This was confirmed by the reductive cyclisation of 4-
methyiphenyl 2-nitrophenyl sulphide with a high concentration of 
triethyl phosphite in cumene which gave, on chromatographic work-
up, diethyl N- 2- ethylthiophenyl-4 - methylphenylphos pho ram idate 
(121; 6%), identified by its analysis, i. r. , p.m. r. , and mass 
spectra, as well as the expected products, 	3_methylphenothiaZifle 
(49%) and 1O_ethyl_3_methylpheflothlazifle (7%) (Scheme 42). 
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The same reaction in neat triethyl phosphite gave the same 
three products, the phosphoramidate, phenothiazine and 10-
ethylphenothiazine in yields of 7, 47 and 7%,  respectively and in 
addition diethyl 2-(4 -m ethylphenylthio)- 3H-az epin- 7- ylpho s phonate 
(122; 2. 5%), identified by its analysis, i. r., p.m. r., and mass 
spectra. The formation of the azepinyiphosphonate can be ration-
alised by the ring expansion of the nitrene via nucleophilic attack 
by triethyl phosphite on the azabicycloheptatriene intermediate 
(123) followed by elimination of ethylene 
 161 
 (Scheme 43). 
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(b) The p.m. r. spectra of the phosphoramidates were used 
in their structural assignments, the important features (Table 13) 
being the chemical shift value of the alkylthio-group which was not 
coupled to phosphorus unlike the alkoxy-ligands attached to phos-
phorus. A typical example of the p. m. r. spectrum of one of 
these compounds is shown in fig. 10. There is no high field aromatic 
proton in these compounds presumably because the nitrogen atom is 
no longer .p 2 hybridised as it was in the pentacoordinate oxaza-
phospholines and their decomposition products. The mass spectra 
of the phosphoramidates showed the ready removal of the alkylthio-
group (Table 13). 
Table 13 
[aSR N - P(0)(OR)2  
Ar 
Chemical Shift 
Values 	 Mass Spectra: 
Substituents 	R -S-CH2- 	OCH2(JpHHz) 	
Abundance of 
in Ar 
2,6-Me 2 	Me 	7.86 	6.33 (12) 	 100 
2,6-Me 2 	Et 	7.45 	5. 9 (quintet) 	 58 
2,4, 6-Me 3 	Et 	7.41 	5. 92 (quintet) 	 96 
2,4,6-Me 3 	Me 7.83 or 	6.34 (12) 	 100 
7. 79 
2, 6-Me02 	Et 	7. 28 	5. 81 (quintet) 	 42 
2,4, 6-Me03 	Et 	7. 22 	5. 82 (quintet) 	 40 
2, 5-Me0 2 	Et 	7.18 	5.82 (quintet) 	 40 
2-MeO 	Et 	7. 18 	5.84 (quintet) 	 100 
4-Me 	 Et 	7.12 	5.80 (quintet) 	 24 
(c) Reductive cyclisation of 2-nitrophenyl 2-pyridyl sulphide 
179 
with neat triethyl phosphite gave a very black and tarry reaction 
mixture which, after removal of the excess of triethyl phosphite and 
chromatography on alumina, gave pyrido[l, 2-b]indazole (124; 2%), 
identified by comparison (m. p., i. r., p. m. r., and mass spectra) 
with an authentic sample. 	In a similar reaction, reduction of 2- 
nitrophenyl 2-pyrimidyl sulphide with triethyl phosphite in cumene 
gave pyrimido[l, 2-b]indazole (125; 4. 7%),  identified by its analysis, 
i. r., p.m. r., mass, and exact mass spectra (Scheme 44). 
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A reasonable mechanism for the formation of these products 
involves direct attack of an electron-deficient nitrene on the electron-
rich pyridyl nitrogen atom, similar direct attack having been found 58 
in the thermal decomposition of 3-(2-pyridyl)anthranil (see Scheme 
32 in the Introduction). Desuiphurisation of pheno thin- zine by copper 
on heating to form carbazole is a long known reaction 
162 
 and de-
suiphurisation of thiirans by tervalent phosphorus reagents has 
been used by Barton and his co-workers 
163 
 in olefin syntheses. 
RM 
Thus it is likely that desuiphurisation of the product of direct 
insertion (126) proceeds via  thiiran (127) (Scheme 44). 
(d) Several attempts were made to gain direct evidence 
for the spirodienyl intermediate, the first key intermediate, in 
the phenothiazine rearrangement and in the formation of oxaza-
phospholines and N- Z-alkylthiophenylpho sphoramidates. Thus 4-
hydroxy- 2, 6- dim ethylphenyl 2- nitrophenyl suiphi de was treated 
with triethyl phosphite and it might have been expected that a 
spirodienone (128) would be formed. In the event only 4-(2-ethyl-
thioanilino)-3, 5-dimethylphenol (130; 6. 7%), identified by its 
analysis, i. r. , p.m. r., and mass spectra, and 4-ethoxy-2'-
ethithio-2,6-dimethyldiphenylamine (131; 6. 5%), identified by its 
analysis, 1. r., p.m. r., and mass spectra, were found after 
chromatography on alumina. These are decomposition products 
of the usual N-Z-alkylthiopi-ienylphosphoramidate (129) and the 
latter compound (131) arises via ethylation of the hydroxy- subs tituent 
by triethyl phosphate at some stage (Scheme 45). 
The low accountancy of materials in the reaction was due to 
the polar nature of the phosphoramidate (129) which was not eluted 
from the column. Rather surprisingly no sign of the ethylated 
phosphoramidate (132) was found. The accountance of materials 
was much improved in a replicate reaction by hydrolysis of the 
reaction products prior to chromatography. This gave the phenol 
(130; 2 5%) and the diphenylamine (131; 24%). 
Reduction of the isomeric sulphide, 2-hydroxy-4, 6-dimethyl-
phenyl 2-nitrophenyl sulphide by triethyl phosphite gave 2-(2-
ethylthioanilino)-3, 5- dime thyiphenol (133; 21%), identified by its 
i. r., P. M. r., mass, and exact mass spectra as the only pure 
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Thermolysis of the corresponding azide also yielded no 
spirodienones but interesting products were formed. Thus 
thermolys is of 2-azidophenyl 4 -hydroxy- 2, 6- dim ethylphenyl sulphide 
in decalin gave, after chromatography on alumina, 4-hydro- 1, 4a-
dim ethyl- 3-oxo-4aH-phenothiazine (135; 28%),  identified by its 
analysis, i. r., p. m. r., and mass spectra (Scheme 47). 
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(137) 	 Scheme 47 
The formation of this product (135) can be rationalised by 
the mechanism outlined in Scheme 47 whereby the first formed 
spirodienyl intermediate does not form a spirodienone but prefers 
to rearrange via the usual 1, 2-sigmatropic shift of sulphur to the 
hydroaromatic enol intermediate (136) which is stabilised by 
.tautomerism forming the keto-compound (135). The enol inter-
mediate does not form any thiazepine (137). 
183 
Thus evidence was not obtained for the first key intermediate 
in the phenothiazine rearrangement but evidence was obtained for 
the second intermediate, the hydroarornatic species which usually 
rearranges to a phenothiazine. A similar 4aH-phenothiazine 
(138) was isolated by Cadogan and Kulik 54 after treatment of 2, 6-




Thermolysis of the isomeric sulphide, 2-azidophenyl 2-. 
hydroxy-4, 6-dimethylphenyl sulphide, in decalin gave 2-hydro-
3, 4a-dimethyl- 1 oxo-.4aH-phenothiazine (139; 6. 5%), identified 
by its analysis, i. r., p. m. r., and mass spectra, and 4-hydra- 
3, 4a-dimethyl- 1 -oxo-4aH-phenothiazifle (140; 2. 3%), identified by 
its i. r. , p. m. r. , mass, and exact mass spectra. A similar 
mechanism (Scheme 48) can be proposed and this time the hydro-
























The p.m. r. spectra of these compounds are shown in fig. 11 
and they show interesting differences (Table 14). 
Table 14 
Chemical Shift Values 
Compound 4aMe CH  Olefinic methyl 
(JHHHz) 
Olefinic proton 
135 8.86 7. 09 7. 73 (1) 3. 53 
139 8.04 7. 14 7.96 (1.5) 4.15 
140 8.34 AB system 7. 78 4.06 
The methyl group in the 4a-position is at lower field in 
compound (139), where it is adjacent to a double bond, than in 
compound (135). The methylene protons show a fairly sharp singlet 
in both compounds. The methyl group attached to the olefin in both 
compounds was shown by double-resonance experiments to be 
coupled to the olefin.ic proton, which itself gives a rather broad 
singlet (see scale expansions in fig. 11). However in compound 
(140) the methylene protons are non-equivalent and show the signals 
typical of an AB system of interacting nuclei with JABl9Hz  and 
lav 
AB 	
3Hz. The methyl group in the 4a-position now shows 
some coupling (scale expansion in fig. 11) and the methyl group 
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Formation of Phosphoranes and Related Compounds in Trialkyl Phosphite 
Deoxygenations of 2,6-Dimethylaryl 2-Nitrophenyl Ethers and 
2 ,6-Dimethylaryl-2 -nitrophenylmethane 
By J. I. G. CADOGAN, D. S. B. GRACE, P. K. K. List, and B. S. TAIT 
(Department of Chemistry, University of Edinburgh. West Mains Road, Edinburgh EH9 3JJ) 
Summary Trialkyl phosphite deoxygenation of 2,6-di-
methyiphenyl 2-nitrophenyl ether gives the amino-
textroxyphosphorane (IV) and that of 2-nitrophenyl-
2,4,6..trimethylphenylmethafle gives diethyl o-(2,4,6-tri-
methylphenylamino)benzylphosphonate, which novel 
products support the intermediacy of a spirodiene in these 
reactions. 
WE have reported previously'- 2 many examples of rearrange- 
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SCHEME 1. 
pounds by triethyl phosphite. The Course of these reactions 
can be interpreted in terms of a spirodienyl intermediate, 
e.g. (I)), although direct evidence is lacking. We now report 
two new examples of the reaction which not only lead to 
new types of product hitherto undetected in the reaction 
series, but also provide strong support for the intermediacy 
of a spirodienyl intermediate. 
Thus, while the ether (I; X = N3) gives the dibenzo-
oxazepine (III) (l1%), 2 deoxygenation of the corresponding 
nitro-compound (I; X = NO2) by excess of trimethyl 
phosphite gives the crystalline aminotetroxyphosphorane 
(IV) (50%). Reactions with triethyl phosphite or the 
2,4,6-trimethyiphenyl homologue proceed similarly and the 
structural assignment is supported by mass and sip  and  
'H n.m.r. spectroscopy, and by progressive hydrolysis to 
the acid (V) and to 2',6'-dimethylphenyl-2-hydroxyphenyl-
amine. The isolation of this phosphorane system points to 
reaction as in Scheme I wherein the intermediate spirodiene 
(II) reverts to aromaticity via nucleophilic attack by 
tervalent phosphorus on the bridgehead oxygen. An alter-
native involves collapse of (II) to a quinoneimine and hence 
(IV) by reaction with phosphite. 
Similarly, whereas (VI; X = N3) gives various isomeric 
azepinoindoles [e.g. (Vll)], 3 a result which we confirm, the 
corresponding 2-nitro-derivative (VI; X = NO3) in the 
presence of triethyl phosphite gives, additionally, the 
'M
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ea Me 	 JJNNA r 
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SCHEME 2. 
phosphonate (X) (7%). This points to reaction via the 
spirodiene (VIII) in Scheme 2, analogous to Scheme I, 
although it has still to be resolved whether (X) arises from 
(IX) via direct elimination of ethylene or via a rapidly de-
composed phosphorane, analogous to (IV). 
Thus in both cases (I and VI; X = NO3) the trialkyl 
phosphite has dual roles as a deoxygenating reagent and as 
a nucleophile towards the intermediate in the reaction, 
thereby acting as its own mechanistic probe. 
(Received, 18th February 1972; Corn. 256.) 
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